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Promotion of overseas visitors to Japan is a major objective at the present stage. Botanical 
phenological events such as cherry blossom viewing and autumn foliage viewing have great potential 
to promote the inbound tourism market in Japan. During the period of phenological change of plants, 
many people are interested in the best viewing of plant phenological change. However, different 
species occur various forms due to its physiological mechanism and ecological habits, also people 
may have different evaluations toward best viewing due to the influence of amount and color change 
of plant organs. Therefore, it is difficult for people to master the information of the best viewing. The 
objective of the thesis is to understand the best viewing of plant phenological change. This thesis 
consists of nature- and human-dimensions of the strategies. 
The study was conducted in Minami-Osawa Campus of Tokyo Metropolitan University, Hachioji 
City, Tokyo, Japan. Three types of ornamental plants were chosen: Prunus×yedoensis (Yoshino 
cherry), Cornus kousa (Japanese dogwood) and Acer palmatum (Japanese maple), every species 
selected over three sample trees as observation objects. The best viewing of plant phenology can be 
divided into flowering, leaf flushing and leaf abscission period. Phenological observation experiment 
started from DOY (day of year since January 1st) 91 to DOY 352, including individual tree-level and 
branch-level. 
Questionnaire survey evaluated the angle of amount and color of plants to understand 
psychological evaluation of best viewing from different regions and genders. Young people from 
China, Southeast Asia and Japan were chosen as the target population. The content of questionnaire 
were divided into two parts. The first part asked the basic information and color preference of 
respondents. The second part used the techniques of photomontage to deal with the photos that took 
in the phenological observation, containing five groups of individual trees, three groups of branches 
and three groups of individual leaf, respondents need to choose one of the pictures that they think is 
the best viewing. 
The phenological observation results showed that flowering obtained well-synchronized, while not 
existed in leaf flushing and leaf abscission within species. The reason might be due to insect 
herbivores and water loss. Herbivores might cause the width of petals present a tendency of decrease 
during late-phase of flowering, also decreased the size of leaves during leaf flushing and abscission 
period. What’s more, leaves with large size and high chlorophyll content tended to suffer more leaf 
damage during leaf flushing, then accelerated the speed and amount of fallen leaves during leaf 
abscission. Compared to other species, Yoshino cherry had the largest leaf area and highest 
chlorophyll content, leading to individual-leaf was most damaged by herbivores in spring and the 
speed of leaf-fall was the fastest. In addition, four sample trees of Japanese maple changed color in 
summer. Large size of leaves may have more area for water loss, leading to the leaves change color 
or suffered leaf scorch in summer, and the mechanism is different from autumn leaf coloring. 
Phenological observation and questionnaire survey results suggest that the evaluation of best 
viewing varied among different regions and genders. When total amount of cherry blossom over 80% 
was the best viewing period of flowering, the differences between regions were reflected in Japanese 
believed the best viewing period occurred when the total amount of flowering more than 40%, while 
10% to 40% amount of flowering were preferred by Chinese and Southeast Asian. What’s more, the 
experience of living in Japan strongly influenced human preference for best viewing of flowering.  
Besides, when total amount of new leaves reached 100% and the size of green leaves were fully 
expanded was the best viewing period of leaf flushing. Early stage of leaf flushing were preferred by 
female, which was generally with pink color when the petals of the cherry blossoms had completely 
fallen off and the new leaves had just come out, but late stage with large amount of green leaves were 
preferred by male. The results indicate the color of trees and the amount of new leaves influence 
preference for best viewing of leaf flushing. 
Furthermore, people preferred pure color to mixed color leaves during leaf abscission period. Red 
leaves were favored by three regions because preference for red was not significantly different by 
regions and genders; yellow leaves were preferred by Chinese; green and orange leaves were liked 
by Japanese.  
In conclusion, people can base on the results and depend on their preference from this research to 
arrange their tourist activities during different season. For example, from around 29th April to 7th 
August before leaf abscission period may be preferred by Japanese people. What’s more, from around 
8th August to 16th September when the trees started to change its color might favored by Chinese 
people. In addition, at the late period after 26th October the red color became easier to observe in trees, 
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Chapter 1 General Introduction 
1. 1 Season in Japan as an attraction for inbound tourists 
With the implementation of The Tourism Nation Promotion Basic Plan, how to make good use of 
tourism resources, express the fascination of Japan’s tourism industry, and attract overseas visitors to 
Japan are the major objectives at the present stage1.  
In order to attract foreign people travel to Japan, firstly we need to know the travel trend of foreign 
visitors. According to the statistical data by Japan Tourism Agency5, we can see the volume of foreign 
visitors had been increased rapidly during the flowering, leaf flushing and the leaf abscission period, 
peaking on April, July and October in the recent seven years (Figure 1-1).  
 
Figure 1-1 Japan National Tourism Organization (JNTO) "Visitors to Japan" 
Meanwhile, Japan Tourism Agency had been investigated the psychological change before and 
after the foreign tourists visited Japan. Tourists need to make choices from 22 tourism items based on 
two questions, one was about what they did during current stay in Japan, another was what would 
they like to do if they come to Japan again in the future. After calculating the percentage of each 
item's answers, then subtracted the percentage of "want to do next time" and "done this time", the 
results showed that among various types of tourism activities, most of the foreigners were expected 
to experience the seasons in Japan, such as cherry blossom viewing and maple foliage viewing2, 




Figure 1-2 Results of consumption trend survey for foreigners visiting Japan 
Some of the previous researches also indicated that seasonal events of plants such as flowering, 
new leaves and autumn leaf coloration are important tourism resources24, 25, moreover, cherry blossom 
viewing and autumn foliage viewing are popular tourism activities around the world, which could 
stimulate the repeat-visit tourists, and bring the substantial economic benefits to the tourism 
destination and people4. In a word, the botanical phenological events have great potential to promote 
the inbound tourism market in Japan. 
During the phase of phenological change, many people are interested in the best time for viewing 
the ornamental plants6. Japan Meteorological Agency defined that when more than 80% of blossoms 
of a sample tree have bloomed is the best viewing period of cherry blossom7, however, different 
species may occur various forms due to its physiological mechanism and ecological habits10. Besides 
different environmental conditions and climate change also influenced the growth of plants19, what’s 
more, people may have different evaluations and opinions toward best viewing due to the influence 
of amount and color change of plant organs24. Therefore, it is difficult for people to master the 
information of the best viewing. 
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1.2 Literature Review 
In order to find out the best viewing period, we are not only need to consider the characteristics of 
plants, but also the human dimension and external factors are important. The previous studies defined 
the best viewing from the angles of subjective and objective:  
 
1.2.1 Objective definition of best viewing 
Angle of biology 
During the phenophase, the plants could show variation organs from bud burst to leaf expansion 
until leaf fall10,14. The biology angle focused on the characteristics of plants, using index to reflect the 
daily variation of plants and define the best viewing.  
For instance, the best viewing time of the cherry blossom is the first day in a season when more 
than 80% of blossoms of a sample tree have bloomed7; when 60%~95% of the color are deep red, 
dark red or purplish red, which is the best time to see the autumnal leaves11. 
What’s more, some of the previous researches showed methods to record the phenophase of plants. 
First of all is use the BBCH（Biologische Bundesanstalt, Bunndessortenamt und CHemische Industrie）
scale to record the growth periods of plants, the index from 0 to 99 represents for the status of every 
phenological stages10. Next, phenological graph could help us to follow the amount, index of 
abundance and the percentage of color change in plants13. What’s more, we can apply the 
mathematical formula to calculate the plants’ growth rate, mastering the phenophase trends and 
expansion rate, then figure out the key point of growth change of plants12.  
In summary, we need to make long-term phenological observation of plants, and use the phenology 
index and graphs to record the growth stages in detail for the sake of finding out the best viewing 
period. 
 
Angle of external causes 
The angle of external causes illustrated that the best viewing of plants could be influenced by 
environmental conditions, such as daily air temperature, insect herbivores and climate. 
The temperature is crucial to phenological phase of plants, and lots of researches indicated the 
phenological events have close relationship with climate change8,19. For example, since the year of 
1980, Japan has the tendency of global warming, causing the flowering period in spring earlier than 
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before8. In contrast, the autumn foliage coloration period delay and shorten4. Thus, lots of the previous 
studies use the temperature data to establish mathematical models, described the lowest temperature 
of the day and the accumulated temperature have correlation with plant phenology, then forecasted 
the blooming period and the date of autumnal leaf tint roughly4,8.  
In addition, some other factors may have influence on the best viewing of plants, which mainly 
reflected in the following aspects. The first is the insect herbivores. Some studies show that the young 
expanding leaves would be damaged by insects, influencing the shapes and appearance of plants 12. 
Secondly, the light condition is necessary for photosynthesis occur in plants and stimulate the plants 
to grow fast, also the direction of light would change the discoloration rate and lustre of 
plants20.Thirdly, rainfall has strong correlation with plant phenology because water is necessary for 
plant growth and may change the soil moisture, influencing the leaf life-span21. Lastly is the wind 
speed. When the wind speed increases, the wet-bulb temperature will drop accordingly, thus affecting 
the climatological conditions of plants19. 
Therefore, we need to pay attention to the external environmental factors during observation, 
especially the factors that may affect the phenological phase and best viewing of the plants. 
 
1.2.3 Subjective definition of best viewing 
Angle of aesthetics 
Previous researchers made definition of best viewing from the angle of aesthetics, and described 
that the best viewing period shows the most beautiful form in the shapes of plants28. However, plant 
phenological phase including unpredictable variation and different people may had various aesthetic 
standards. Thus, the definition of the best viewing from public may be different from the Japan 
Meteorological Agency or phenological researchers, and so it is very important to investigate the 
aesthetic standards and subjective point of view from people in order to understand the best viewing 
of plants more accurately. 
 
Angle of color psychology  
Plants physiological status would be reflected in the pigment level of leaves color17. Japan 
Meteorological Agency defined the best viewing time of the autumnal leaf tint as the first day in a 
season when most of leaves of a sample tree have turned red or yellow while green leaves are hardly 
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observed7. The colors in plants bring visual enjoyment to people and in the meanwhile influence the 
psychology of human being, such as perception, behavior, even the decision making4, for example, 
people could feel relax and comfortable when viewing green plants, which also do good to their 
healthcare18. However, people may have divergent color preference due to their divergent ages, 
gender and culture27. What’ s more, the researches about the relationships between color in plants and 
tourists’ behavior is rare, so we are hard to judge the color preference from foreign tourists, and what 
percentage of colors could satisfied most of the tourists. 
Thus, some previous researches suggested some methods to analyze the leaf color change and 
people’s preference for color. Firstly is to use the software programs such as Photoshop to extract the 
information about leaf color, then we could examine the elements of color17. Secondly, subjective 
evaluation methods such as SBE (Scenic Beauty Estimation) had been used to evaluate people’s 
psychological preferences for scenery based on different photos19.  
In a word, time series photos can help us record the phenological phase and color change of plants, 
the evaluation scale of plant colors and homogeneity could support us to understand color preferences 
from different people, and find out the best viewing from the angle of psychology. 
 
1.3 Research objectives 
  The objective of the thesis is to understand the best viewing of plant phenological change. This 
thesis consists of nature- and human-dimensions of the strategies. 
To achieve the objective of this study, some steps have been set up: (1). Through literature study, 
to master the ecological and physiological characteristics of plants, then understand the mechanism 
of flowering, leaf flushing and leaf abscission in plants. 
(2). To make the phenological observation from the aspects of individual tree-level and branch-
level, record the information such as amount and colors from three types of plants, then combine with 
the external causes to perceive the phenological change of plants from biological dimension. 
(3). To take time series photos and use the techniques of photomontage to deal with photos, conduct 
questionnaire survey by investigating the evaluation of pictures from foreign tourists, then understand 
the best viewing from human dimension. 
(4). To combine the results of phenological observation and questionnaire survey, then compare 
with the phenology information from Japan Meteorological Agency so as to make relevant 
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suggestions about best viewing. 
Chapter 2 describes the methods and materials of this thesis, including the process of phenological 
observation and the contents of questionnaire survey. 
Chapter 3 reports the results of phenological observation of three types of plants. 
Chapter 4 analyzes the relationship between meteorological condition and phenological change. 
Chapter 5 illustrates the process and results of questionnaire survey, then examine the data of 
psychological experiment. 
Chapter 6 shows the combination of biological data and psychological data so as to understand the 
























Chapter 2 Materials and Methods 
2.1 Study site and study species 
The study was conducted in Minami-Osawa Campus of Tokyo Metropolitan University, Hachioji 
City, Tokyo, Japan (at 35°37’N, 139°22’ E, altitude 142 m), which is located in Tama hills and 
surrounded on three sides by mountain. The humid continental climate of Hachioji City causes hot 
summer and cold winter, the annual rainfall averaged approximately 1602.3 mm22. 
Three types of ornamental plants were chosen, which represent for the spring, summer and autumn 
respectively: Prunus×yedoensis (Yoshino cherry), Cornus kousa (Japanese dogwood) and Acer 
palmatum (Japanese maple), every species selected over three sample trees as observation objects. 
Figure 2-1 show the distribution and number of plants in Japan, we can observe that many plants were 
distributed in Kanto, Chubu and Kansai regions, while plants in Hokkaido were rare51. In Japan, 
cherry-blossom viewing contribute to attractive scenery during spring, and the Yoshino cherry is 
regarded as representative of all cherry trees species19. Japanese dogwood is widely cultivated as an 
ornamental plants in Japan, white flowers could be observed in summer and the leaves may display 
beautiful red color in autumn. Japanese maple has large variety of gorgeous forms and spectacular 
colors in autumn, this phenological changes always have influence on tourist volume6. 
 
Figure 2-1 Distribution of plants in Japan 
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2.2 Phenological observation method 
Phenological observation experiment in this study was based on the lifecycle of plants, including 
the stationary phase, growing period and abscission period. From DOY 85 to DOY 90 was for 
preliminary preparation, including determined sample trees, set up temperature sensors, marked the 
observation branches and individual leaf on the trees. From DOY 91, the status of plants were 
different from winter, the phenomenon of budburst and 10% of flowering could be observed, and the 
phenological observation data was able to acquire. In addition, lots of leaves fell off and below 20% 
of leaves remained on trees at DOY 352. Therefore, the phenological observation period in this study 
was from DOY (day of year since January 1st) 91 to DOY 352. The observation was divided into 
individual tree-level, branch-level and individual leaf-level, which conducted every two or three days 
during flowering, leaf flushing and leaf abscission period, the frequency during leaf opening period 
was one to two times a week. 
 
2.2.1 Individual tree-level phenology observation 
Olympus Tough TG-6 digital camera was used to take time series photos in order to track the 
gestures of plants. Observation graphs (Appendix A1, A2, A3) of Yoshino cherry, Japanese maple 
and Japanese dogwood were designed, the graphs were used to record the phenological change such 
as amount and color of plants, the proportion was estimated by visual. What’s more, the data of length, 
width and chlorophyll content of plants were also recorded in the graphs. 
In addition, seven of the thermometer T&D 51i were set on the sample trees in order to acquire the 
environmental temperature data with 30-minute intervals. Other meteorological data such as rainfall 
and day-length were basically acquired from the website of Japan Meteorological Agency. 
 
2.2.2 Branch-level phenology observation 
The method of random sampling was used to observe branch-level phenological change in an 
individual tree. The observation consists of five steps: 1) used the woolen yarn to mark over three of 
fixed twigs and leaves on each tree, then the digital camera was used to record the daily change of 
plants; 2) picked up over three specimen of petals or leaves on each tree and put them into different 
plastic sealing bags, then paste the label in order to distinguish each other; 3) ruler and caliper were 
utilized to measure the size of plants so as to acquire the data of length and width, then scan the petals 
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and leaves in order to record the branch-level condition; 4) the appliance of SPAD-502 was used to 
test the chlorophyll content of specimen and calculate the average value, the times of testing were 
based on the shape of leaves (Yoshino cherry and Japanese dogwood tested five times in each leaf;  
Japanese maple tested eight times in each leaf); 5) all of the branch-level observation was recorded 
(Appendix 3 and 6) during leaf abscission period, combined the scanned images with Photoshop to 
extract colors of leaves, then drew the figures to show variation during phenological stages. 
 
2.3 Human dimension in best viewing of phenological change: Psychological survey method 
2.3.1 Aim of questionnaire survey 
People’s brain activity and psychological change could be various when they saw plants, leading 
to their different responses to the presence of different foliage colors29, and also caused varied 
opinions about the best viewing of plants. Thus, questionnaire survey evaluated the angle of amount 
and color of plants to understand psychological evaluation of best viewing from different regions and 
genders. 
 
2.3.2 Target selection 
The study focused on Chinese, Southeast Asian, and Japanese people. According to the statistical 
data from Japan National Tourism Organization (JNTO), the Chinese tourists have accounted for the 
largest proportion in the number of international travelers to Japan for several years (Figure 2-3-1), 
and the female was relatively major, which represent 58.3% of the Chinese visitors’ proportion 
(Figure 2-3-2). Moreover, from the view of age groups, young people under 30 years old reached 
34.75% which were in the majority of Chinese visitors to Japan (Figure 2-3-3). 
As a consequence, the target of questionnaire survey was mainly focused on young people from 
China. In the meantime, this study also collected some data from Southeast Asian people because in 
terms of mass media, more and more Southeast Asia visitors traveled to Japan for the main purpose 
of cherry blossom viewing in spring and maple leaves viewing in autumn, due to the growth of the 
two species depend on climate and cannot be seen in their countries23. Besides, some of the Japanese 
samples were collected to make a comparison of non-Japanese samples, which could help this 





Figure 2-3-1 Number of overseas visitors to Japan in 2018 by country (JNTO) 
 
 
Figure 2-3-2 Gender proportion of Chinese visitors to Japan in 2018 (JNTO) 
 
 
Figure 2-3-3 Age groups of Chinese visitors to Japan in 2018 (JNTO) 
11 
 
2.3.3 Format and period of collecting data 
The format of questionnaire survey was designed in Web questionnaire (Appendix-A4). This study 
translated the content of questionnaire into Chinese, English and Japanese so as to distribute it to the 
people from different regions. The period of data collection had lasted for about one week, from 11st 
November to 17th November in the year 2019. 
 
2.3.4 Content of questionnaire 
  2.3.4.1 Part 1—Respondent personality and color preference (Appendix-A3) 
Part 1 asked the basic information of respondents, such as nationalities, gender, age group and the 
period of staying in Japan. 
In the meanwhile, on the basis of previous researches, this study chose six colors and employ 5-
point Likert scale so as to measure respondents’ color preference, including red, orange, yellow, green, 
blue and purple. Besides the six colors represent for a whole color circle, among which red, orange, 
yellow and green are plant color, then this research used Photoshop to extract the four colors from 
photos which took during phenological observation. Moreover, blue and purple are basic color, which 
extracted from RGB color model. 
In addition, 5-point Likert was used to allow the people to indicate the degree they like or dislike 
the six colors from one to five, the options started with “dislike” at one point and “like” at five. 
 
2.3.4.2 Part 2—Evaluation of the best viewing (Appendix-A3) 
 The second part of questionnaire used the techniques of photomontage to deal with the photos that 
took in the phenological observation experiment, including uniformed the background, changed the 
amount of plants, and adjusted the proportion of plant colors. All of the pictures in the questionnaire 
were based on real experiment results so as to imitate the process of phenological change. 
In accordance with the phenological phase, this study divided all of the photos into three 
dimensions and 11 groups, containing five groups of individual trees, three groups of branch and three 
groups of individual leaf, respondents need to choose one of the pictures that they think is the best 
viewing. Each picture in each group represented the variation of amount and color change during a 




Table 2-1 Proportion and range in questionnaire pictures 
 










0%-15% 16%-25% 26%-45% 46%-60% 80%-90% 
Group 2 
Leaf flushing 
0%-15% 16%-35% 36%-60% 61%-85% 85%-100% 
Group 3 
Leaf abscission 
















































































































































































Chapter 3  Phenological observation of three tree species 
3.1 Introduction 
Plant phenology involves the timing, duration and abundance of recurrent biological phenomena3, 
which is a highly sensitive indicator that can be used to study the possible effects of climate change 
at multiple scales5. Plant phenological phase including leaf-out, flowering, fruiting, senescence and 
abscission15. In the process of phenological change, the morphology of plants will change with time, 
and the viewing period will be varied due to the spatial difference17. Therefore, long-term recording 
and observation of phenophase can help us capture relevant information about the best viewing period 
from biological perspective. 
Biological and environmental factors are the main factors that influence plant phenology18. 
Biological factors mainly refer to species and variety types, volume size, leaf area, plant traits and so 
on. Different physiological characteristics will lead to the differences in performance of ornamental 
plants, for example, small volume trees have better light climate than large, the flowering period tend 
to be shorter4; larger leaves have more stomates and lose more water to transpiration, especially when 
the leaves are exposed to sunlight19.  
Environmental factors are mainly the living environment of plants, which will affect the growth 
and development of plants18. Plants may encounter the stress of various disasters during phenological 
change, the most common one is insect herbivores1. Herbivores may account for a sizeable loss in 
leaf biomass, change leaf color and reduce the chlorophyll content, then accelerate the leaf-fall8. 
Japan Meteorological Agency’s observation of Yoshino cherry were mainly included the dates of 
blossom and the peak of flowering, besides the observation of maple leaves were focused on the dates 
of red leaves and leaf-fall, whether these observation indicators completely reflected the phenological 
change of plants? Are there any other indicators should be observed? Therefore, this research 
observed the phenological change of three tree species during flowering, leaf flushing and leaf 
abscission period, the observation results will be used to compare with the data from Japan 
Meteorological Agency then make a discussion. 
 
3.2 Phenological changes of Prunus × yedoensis (Yoshino cherry) 
3.2.1 Phenological stages of Yoshino cherry 
The study used the stages of blossom development which mentioned by High Park Nature Centre 
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for reference25. The phenological stages of Yoshino cherry during flowering period was divided into 
eight stages as shown in the pictures below: 
 
Figure 3-2-1 The stages of Prunus × yedoensis (Yoshino cherry) 
 
Table 3-2-1 The explanation of the pheonological stages of Prunus × yedoensis (Yoshino cherry) 
Stage Status Statement 
1 Green Color in Buds Fat, round green buds on the branches of the tree 
2 Florets Visible The buds swell and florets start to become visible 
3 Extension of Florets The florets start to extend out of the buds 
4 Peduncle Elongation The peduncles get longer and the individual blossoms can be clearly seen 
5 Fluffy White The fluffy white Sakura blossoms begin to open 
6 Peak Bloom The blossoms are open 
7 Petal Fall The petals have fallen from 90% of the blossom 
8 New Leaves Leaves sprouting out of their buds 
 
  This study measured and recorded the variation about length and thickness of buds size from Stage 
1 to Stage 5 during phenological change. It took about three to five days from Stage 1 to Stage 3, the 
length of buds in stage 1 was 1.55 cm, the thickness was 0.60 cm; then in Stage 3, the length increased 
to 1.95 cm and the thickness was about 0.71 cm. Next, individual bud in Stage 3 would split into 
multiple distinct buds in Stage 4. The change from Stage 4 to Stage 5 took about three to five days, 
the length of bud increased from around 1.90 cm to 3.58 cm, and the thickness increased from 0.27 
cm to 0.70 cm. Moreover, it took about one to two days from Stage 5 to Stage 6. 
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3.2.2 Materials and Methods 
Prunus × yedoensis (Yoshino cherry) is a deciduous tree that grows to a height of five to 12 meters 
with umbrella shapes, the smooth tree bark has dead brown color. The flowers show five white or 
light pink petals, has a diameter of 2.5 to 4.0 cm and grow in clusters of five or six together which 
morphologically to umbel-like inflorescence23. The leaves display oval-shaped with smooth surface 
and serrated margin. 
 The plant has precious characters like fast growth, plentiful flowers, and mass flowering21, but is 
vulnerable to plant disease such as witch’s broom and insect pests by Aromia bungii22. The species is 
propagated by grafting and self-incompatible23, thus there are lots of controversies on its botanical 
origin, and it is generally acknowledged that the species is a hybridization between P. pendula Maxim. 
f. ascendens Ohwi and P. lannesiana (Carr.) Wilson var. speciosa (Koidz) Makino24. So far over 100 
new cultivars similar to Yoshino cherry have been produced successively, which get used to warm 
and humid climate, performs well in deep and fecund arenaceous qualitative loam, has better 
tolerance to drought and low temperature but low resistance to strong wind and dust. 
This study chose four trees as investigation objects, the phenological phase was divided into the 
flowering period, leaf flushing and leaf abscission period. The time series photos of four sample trees 
were taken from DOY 91 to DOY 342, including the different types of floral organs during blooming 




Figure 3-2-2 and Figure 3-2-3 show the individual tree-level and branch-level changes during 
flowering respectively. In general, it took about a month from budburst to new leaves sprout from 
trees, showing eight different forms and characteristics of plants.  
Although there is less flowering in the early nine to 12 days, the coexistence of different flower 
organs was seen at the same time. In addition, the total proportion of flowering increased rapidly at 
the early stage, after about seven days the amount of flowering approached or exceeded 80%. The 
flowering peak lasted about three to seven days, followed by a significant decline. Furthermore, the 






Figure 3-2-2 Changes in proportion of phenological stages of Yoshino cherry  
during flowering period 
 
The flowering and falling time of Tree 4 was the earliest in all samples; there was no large 
difference in the blossom time between Tree 1, Tree 2 and Tree 3. Secondly, Figure 3-2-3 showed that 
the size of the petals tended to decrease with time, especially the width of the petals can be observed 
a decline trend in the later stage. The length of petals in the early flowering period was basically 1.66 
cm to 1.80 cm, and decreased slightly to 1.60 cm to 1.70 cm in the later stage. The width of the petals 
ranged from 1.35 cm to 1.50 cm in the early stage then decreased to 1.10 cm to 1.40 cm in the later 
stage of flowering. 
  To summarize, the variation of phenological change during flowering period was seen the same 
among the sample trees (Tree 1, 2 and 3) which under the same environment, but there was individual 
difference in different growth environment (Tree 4). Tree 1, 2 and 3 were umbrella-like tree form and 
live in the same environment that along the sidewalk, the sunlight in the lower layer of trees were 
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insufficient. However, Tree 4 was oval-shaped with sparse canopy which existed in isolation near 
pond and sunlight was scattered in all directions. As a result, Tree 4 had fastest flowering and quickly 
blossom drop, while the peak of flowering over 80% only lasted for 1 day. This result indicate that 
small individuals had smaller flowering intensity and shorter duration. 
 
 
Figure 3-2-3 Branch-level variation of Yoshino cherry during flowering period 
 
Results of one-way ANOVA show that the population means of length (p < 0.001) and width (p < 
0.05) of petal between four sample trees were significantly different (Figure 3-2-4 to 3-2-6). Also, 
there was significantly difference in means of petal size (p < 0.01). The results of multiple 
comparisons showed the average petal length of Tree 1 and Tree 4 were significantly smaller than 
those of Tree 2 and Tree 3.The average petal width of Tree 1 and Tree 4 were significantly smaller 
from Tree 2 respectively (p < 0.05). The petal size (length×width) of Tree 1 and Tree 4 were also 





Figure 3-2-4 One-way ANOVA results about the length of petals 
 
Figure 3-2-5 One-way ANOVA results about the width of petals 
 
Figure 3-2-6 One-way ANOVA results about the size of petals 
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Peak difference in petal size and flowering proportion 
The peak time of petal size varied among different sample trees, and it was also different from peak 
of total flowering proportion (Figure 3-2-7). The duration of peak flowering time over 80% lasted for 
the longest time in Tree 3, reaching seven days, followed by Tree 1 and Tree 2 that lasted for five to 
six days, Tree 4 lasted only one day was the shortest. Peak of petal size of Tree 1 and Tree 2 appeared 
in the early stage of full bloom, about five days earlier than Tree 3 and Tree 4. While the largest petal 
size was observed in Tree 4 during the falling of blossoms stage, and the amount of flowers at this 
time remained 50%. 
 
Figure 3-2-7 Peak difference in petals size and flowering proportion 
 
3.2.3.2 Leaf flushing 
Individual tree-level observation showed that new leaves emerged from the late flowering stage 
along with falling flowers, and it took about 25 days from DOY 97 to DOY123 for new leaves 
sprouting out of their buds to fully grown on the tree. Tree 4 appeared the spreading leaf earliest 
among sample trees. On the other hand, branch-level and leaf-level observation showed the leaf size 
and chlorophyll content gradually increased over time, and it took about two months to grow to its 
maximum size at DOY 160, the chlorophyll content exceeded 35% at this time. After another two to 
three months, the chlorophyll decreased and fluctuated from DOY 200 to DOY 220, then dropped 





Figure 3-2-8 Branch-level variation of leaves and chlorophyll content of Yoshino cherry 
during leaf opening period 
 
The differences in the length, width and area of the leaves between different trees were not 
significant (length: df = 3, F = 1.02, p = 0.38; width: df = 3, F = 1.32, p = 0.27; area: df = 3, F = 1.21, 
p = 0.31; Figure 3-2-9 to 3-2-11). On average, the mean leaves area of Tree 3 was the smallest of all 






Figure 3-2-9 One-way ANOVA results about the length of leaves 
 
Figure 3-2-10 One-way ANOVA results about the width of leaves 
 




Figure 3-2-12 Box plot in leaf area of Yoshino cherry 
 
Peak difference in chlorophyll content 
   The peak of chlorophyll content varied among different trees. Tree 1 appeared at the latest, at 
DOY218, followed by Tree 2, which appeared at DOY177, and chlorophyll peak in Tree 3 and Tree 
4 appeared on the same day at DOY 163 (Figure 3-2-13). 
 




3.2.3.3 Leaf abscission   
The abscission period of cherry leaves lasted about four to five months. The total amount and 
color of leaves had changed as the time changed. The deciduous speed of Tree 4 was the fastest, Tree 
3 was faster than that of Tree 2, and the speed of Tree 1 was the slowest (Figure 3-2-14). 
   At the early stage of leaf abscission, the color of cherry leaves changed from green to slightly 
orange or yellow. After two months, the yellow color increased continuously around DOY 200 to 
DOY 220, with the amount of leaves decreasing by 70% to 80%. After another two months, the total 
amount reduced to about 60%, yellow and green gradually decreased, the red color increased, and the 
color of trees were generally showed red and orange. Trees with faster deciduous speed (Tree 3 and 
Tree 4) appeared red when around 10% to 15% of the leaves left. 
 
 
Figure 3-2-14 Changes in proportions of leaf colors during the abscission 
There was no significant change in leaf size during the leaf abscission period, however, the 
chlorophyll content decreased below 30% at around DOY 290, and after another one month, the 
chlorophyll content decreased to less than 20%. 
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3.3 Phenological changes of Acer palmatum (Japanese maple) 
3.3.1 Phenological stages of Japanese maple in spring 
This research took the Field Guide for Monitoring Sugar Maple Bud Development for reference35, 
the phenophase of Acer palmatum (Japanese maple) during leaf flushing period was divided into 6 
stages as following: 
 
Figure 3-3-1 The stages of Acer palmatum (Japanese maple) 
 
Table 3-3-1 The explanation of the pheonological stages of Acer palmatum (Japanese maple) 
Stage Status Statement 
1 Bud Dormancy No sign of swelling or enlargement 
2 Budbreak Leaf tips just barely visible expanding beyond the bud tip 
3 Flower Expansion Individual flowers are visible but are held vertically within the bud scales 
4 Leaves Emergence The leaves are beginning to expand perpendicular to the base of the bud 
5 Leaves Curled The leaves are curled over the bud and the development is not yet complete 
6 Leaves Flat Leaves fully expanded and spread out in their final orientation position 
 
This research measured and recorded the variation about length of buds from Stage 1 to Stage 5 
during phenological change. It took about six days from Stage 1 to Stage 2, the length of buds in stage 
1 was about 1.25 cm; then in Stage 2, the length increased to around 2.40 cm. From Stage 2 to Stage 
3 experienced about three days, the length continued increasing to about 3.2 cm. Next, individual bud 
in Stage 3 split into several distinct buds in Stage 4. The process from Stage 4 to Stage 5 took about 
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seven days, the length of buds increased from around 1.65 cm to 2.10 cm. Moreover, the buds took 
three to four days from Stage 5 to its fully expanded status. 
 
3.3.2 Materials and Methods 
  Acer palmatum (Japanese maple) is a deciduous shrub with a layered branching structure, reaching 
a height of six to 10 meters. The canopy are grown all over the world for its attractive forms and 
outstanding leaf color in fall, the shapes have always been pruned to hemispherical or dome-like 
form6. The leaves are 3.5-6.0 cm length and 3.0-7.0 cm width, palmately lobed with five, seven, or 
nine lobes27, the leaf margin has sharply serrate. The flowers are small and inconspicuous in 
compound cyme, a single flower is 5-6 mm diameter with five red or white petals, the flowering 
period is between April and May. The fruit is a pair of pink samaras, an individual samara is 2-3 cm 
long with a 6-8 mm round shaped seed27, which ripen during summer and autumn, then blow away 
by wind. Japanese maple has strong ability to adapt to the harsh environment, could survive well in 
both cool and hot areas. 
Japanese maple shows considerable genetic variation, the phenomenon could be seen in the same 
parent tree that the shapes, size and color between seedlings are different. In addition, there are 
pigments exist in plants like chlorophyll, carotenoid, xanthophyll and anthocyanin28. The chlorophyll 
give plant leaves their green color, carotenoid and xanthophyll reflect orange and yellow light 
respectively, and anthocyanin could create the red hues. Plants require warm temperatures and 
sunlight to produce chlorophyll, when the temperature falls in winter, the chlorophyll breaks down, 
the green color disappears, and the yellow to red colors become visible. Some studies also indicated 
that the night temperatures were more significant than day temperatures31 for the cooler night may 
reduce the loss of carbohydrates and increase the production of anthocyanin32. 
This study chose five of the Japanese maple trees as experimental objects, the phenophase was 
divided into leaf flushing period, leaf opening period and leaf abscission period. Due to three of the 
sample trees cultivated in the same canopy, this research treated the three trees (Tree 3, Tree 4 and 
Tree 5) as a group, so the individual tree-level recorded the time series of two single trees and one 
group from spring to winter, containing the various shapes of leaf organs, the amount and leaf color 





3.3.3.1 Leaf flushing 
It took about one month from bud dormancy to leaves flat, showing six different forms and 
characteristics of plants. The growing process of different trees differ greatly although the species 
were the same. Tree 1 reached the fully expanded status at the latest; Tree 2 had the shortest bud break 
duration; Tree 3 could still observe bud dormancy at DOY 100, the time of bud break was the latest, 
but the leaves suddenly spread out completely at around DOY 110, and reached the status of fully 
expanded most quickly among all of sample trees. 
Branch-level observation showed that the size of maple leaves had been increased rapidly during 
leaf flushing period, the leaves had reached the fully expanded status at DOY 130. In addition, the 
chlorophyll content had significant growth trend during leaf flushing period, reaching peak at DOY 
113, followed by a slight decline then increased again at DOY 120. The chlorophyll content of leaves 
ranged from 15% to 20% when reached fully expanded. 
 
 
Figure 3-3-2 Changes in proportion of phenological stages of Japanese maple  





Figure 3-3-3 Branch-level variation of Japanese maple during leaf flushing period 
 
3.3.3.2 Leaf opening 
Fallen leaves could have been seen obviously at around DOY 310, so the leaf opening period 
lasted about six months (Figure 3-3-4). I observed the phenomenon of leaf color change except Tree 
2 during summer (Figure 3-3-5), especially the Tree 1 had occurred more than 30% of leaf 
discoloration in red and yellow color, but the total amount remained the same. Secondly, the total 
amount of all the sample trees decreased 5% to 10% during the late stage of leaf opening period. 
Furthermore, compared to other trees, Tree 2 had been observed lots of insect herbivores occurred.  
   The chlorophyll content of Tree 1 increased gradually during leaf opening period, the content of 
other trees were relatively stable. However, the chlorophyll content remained different among sample 
trees, Tree 2 remained over 25%, while other trees kept above 20%, which can prove that the 






Figure 3-3-4 Changes in proportion of leaf colors of maple leaves during  














Figure 3-3-6 Branch-level variation of Japanese maple  







Figure 3-3-7 One-way ANOVA results about the length of leaves 
 
Figure 3-3-8 One-way ANOVA results about the width of leaves 
 
Figure 3-3-9 One-way ANOVA results about the size of leaves 
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Significant differences in the length, width and leaf area of the leaves were found between the trees 
(P < 0.001, Figure 3-3-7 to 3-3-9). Results of multiple comparison indicate that the length of maple 
leaves existed highly significant difference (P < 0.001) between sample trees except the Tree 1 and 
Tree 5 (P = 0.097, Figure 3-3-7). Next, there was significant difference (P < 0.001) between the width 
of leaves among different trees except Tree 3 and Tree 4 (P = 0.053, Figure 3-3-8). In addition, there 
was significantly difference between size of leaves among different trees (P < 0.001, Figure 3-3-9). 
These results indicate Japanese maple has greater variation in leaf size between individuals. 
 
Peak difference in chlorophyll content 
   The peak of chlorophyll content varied among different trees (Figure 3-3-10). Tree 2 appeared 
peak the latest at DOY 301; Tree 3, Tree 4 and Tree 5 appeared peak of chlorophyll content two to 
three months earlier than Tree 1 and Tree 2. 
 
 
Figure 3-3-10 Peak difference in chlorophyll content of Japanese maple 







3.3.3.3 Leaf abscission 
The abscission period of maple leaves lasted about 40 days, at around DOY 300 (Figure 3-3-4). 
The leaves changed from green to red, after about 10 to 20 days turned into mix of yellow and orange, 
then finally the leaves showed a mix color of red and yellow before fall off trees completely.      
Among the observed sample trees, the speed of color change and leaves falling off trees in group 
of Tree 3, Tree 4 and Tree 5 were faster than Tree 1 and Tree 2. In addition, the color change in Tree 
2 was slowest, and the duration of the color leaves period lasted for shortest time, also the yellow and 
orange color had more components of the leaves during the leaf abscission period. Furthermore, the 
color of red leaves observed in autumn were brighter than summer. 
In branch-level observation, compared to leaf opening period, there was no variation in the size 
of leaves in abscission period, but the content of chlorophyll showed a sharp and significant decrease 
in autumn. At around DOY 340, the chlorophyll content dropped below 5%. 
 
3.4 Phenological changes of Cornus kousa (Japanese dogwood) 
 3.4.1 Materials and Methods 
Cornus kousa is a small deciduous flowering tree, reaching five to 10 meters tall and has beautiful 
exfoliating bark, belonging to the family of Cornaceae39. The species are broadly cultivated as 
ornamental plant in East Asia countries such as Japan, China and Korea. The opposite green leaves 
are four to 10 cm long with elliptical shape and rippled margins, the foliage is dark green in summer, 
turn to deep ruby in autumn40; the blossoms appear after leaf emergence in summer, white petals are 
four spreading bracts below the cluster of insignificant flowers; the edible fruit is round red compound 
berry and two to three cm in diameter, which is used for the production of wine, and addition to the 
ornamental value41. 
Japanese dogwood grows well in moist and well-drained soil with leaf litter stored over the roots, 
on the other hand, the species is not particularly heat-tolerant, requiring irrigation in summer42. 
During hot weather, the leaf scorch may dry and brown the leaf margins even the interveinal area. In 
addition, Japanese dogwood have highly resistant to anthracnose disease and pests, thus the species 
are widely used as landscape plants43. However, the disease of dogwood canker has always observed 
in smaller and leaves, then the leaves on infected twigs were red and drop early in autumn. 
The study selected three of the Japanese dogwood trees as experimental objects, however, due to 
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the influence of climate, the stages of flowering and fruits hadn’t been observed in this year, so the 
phenological observation was only focused on the leaves of Japanese dogwood (Figure 3-4-1). The 
method of random sampling was used to select the specimen in the middle and lower layers, six leaves 
were chose one time by single tree separately. The phenophase was divided into leaf flushing period, 
leaf opening period and leaf abscission period.  
This study measured and recorded the length variation of buds. It took about seven days from bud 
burst to new leaves emerged, and the length of buds increased from 1.80 cm to 2.51cm. 
 
Figure 3-4-1 Phenological change about leaves of Japanese dogwood 
 
 3.4.2 Results 
3.4.2.1 Leaf flushing and leaf opening 
Different from Yoshino cherry and Japanese maple, the leaves of Japanese dogwood didn’t show 
the same status of different flower organs at the same time during leaf flushing period. It took about 
20 days from leaves emerged to new leaves fully expanded, after about three months, leaf color 
change and abscission began to appear. 
Chlorophyll content had increased rapidly during leaf flushing period with the increasing of leaf 
size, the leaf area reached fully expanded at around DOY 138, the chlorophyll content also reached 
its peak at initial stage. In addition, the size of leaves didn’t change significantly during leaf opening 
period, and the chlorophyll content also kept a relatively stable status at this time. What’s more, the 
chlorophyll content in Tree 3 was above 25%, while the content in Tree 1 and Tree 2 was above 20%, 






Figure 3-4-2 Branch-level variation of Japanese dogwood during leaf flushing, leaf opening 










Figure 3-4-3 Individual tree-level of Japanese dogwood during leaf abscission period 
 
3.4.2.2 Leaf abscission 
Tree 2 had the fastest deciduous rate, and Tree 3 had the slowest speed of falling leaves. Secondly, 
Tree 1 and Tree 2 had mixed color of green-yellow-red at the early stage of leaf discoloration; when 
the amount of leaves only remained 60% at the middle stage, the color was mainly showed the mixed 
with red and green; at the late stage only 20% of leaves left on the tree, only red color could have 
been observed. However, Tree 3 showed yellow color firstly at the initial stage, then mixed color of 
green-yellow-red appeared when 90% of the leaves left, and the condition continued until 20% of the 
leaves remained on the tree, the final stage only showed red color. 
The chlorophyll content decreased in the late stage of abscission, while the size of leaves didn’t 
change too much. In addition, unlike cherry and maple leaves, there were obvious black spots 
appeared at the leaf surface of Japanese dogwood during leaf abscission period, also the single leaf 
turned to brown color before the leaves fall to the ground. This research find that the chlorophyll 
content in brown color area was higher than green part (Figure 3-4-4), some even exceeded 50%, so 
that is why we can see the increase of chlorophyll content during late stage of leaf abscission. 
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Figure 3-4-4 Brown color part had higher chlorophyll content 
 
There are significant differences in the length, width and leaf area between three Japanese dogwood 
trees. Multiple comparison test showed that the length, width of leaves and leaf area of Tree 2 was 
largest (in length in ANOVA: P < 0.001, Figure 3-4-5; width: P < 0.001, Figure 3-4-6; area: P < 0.001, 









Figure 3-4-6 One-way ANOVA results about the width of leaves 
 
 
Figure 3-4-7 One-way ANOVA results about the size of leaves 
 
Peak difference in chlorophyll content  
   Chlorophyll peak were varied among the trees (Figure 3-4-8). Tree 3 appeared peak the latest at 
DOY 211, and the leaf opening period in Tree 3 lasted for longer time. Tree 1 and Tree 2 appeared at 





Figure 3-4-8 Peak difference of chlorophyll content of Japanese dogwood  
during leaf opening period 
 
3.5 Discussion 
3.5.1 Phenological change of flowering 
Japan Meteorological Agency only had the observation items about dates of first bloom and full 
bloom, besides mass media generally was generally defined the best viewing when Yoshino cherry in 
the full bloom stage. However, the phenological observation results in this research show that the 
phenological change of Yoshino cherry during flowering period was not only flowering and peak of 
flowering, but also the stage of petal fall.  
Peak of flowering in four sample trees both appeared at DOY 97, while I started to observe the 
phenomenon of insect herbivores and petals damage in branch-level from DOY 98 (Figure 3-5-1 and 
Figure 3-5-2). Also we could see from Figure 3-2-3 that herbivores might cause the width of petals 
present a tendency of decrease during late-phase of flowering. In addition, during the early stage, the 
amount of flowering was lesser than late stage, but people could see various flower organs at the same 
time, also the petals were less damaged by pest. What’s more, during the petal fall stage, the trees 
appeared pink color, the status was totally different from previous stages. 
  Therefore, is it possible that stages of early flowering and petal fall also preferred by people? 
Whether the best viewing period of flowering was longer than our imagined? Whether the observation 




Figure 3-5-1 Insect herbivores during flowering and leaf flushing period 
 
Figure 3-5-2 Scanned image about insect herbivores in petals  
 
3.5.2 Phenological change of leaf flushing 
  Leaf flushing (from bud burst to fully-expanded green leaves) was a process of phenological 
change that occurred in all sample species. The size of leaves in Yoshino cherry were largest and the 
individual differences were smallest (Figure 3-5-3). What’s more, the chlorophyll content was the 
highest, but the period during leaf flushing lasted for shortest time (Figure 3-5-4), also easier to suffer 
from leaf damaged (Figure 3-5-5). By contrast, the size of leaves were smallest in Japanese maple, 
while the individual leaf was less affected by insect damage and period of leaf flushing and leaf 
opening lasted for longest time among species. Compared to other species, Japanese dogwood 
occurred bud burst latest and spent more time to reach fully expanded size of new leaves. Moreover, 
the leaves of Japanese dogwood tended to suffer from black plot and pathogenic infection during leaf 
opening period (Figure 3-5-6). As a result, from individual tree-level, Yoshino cherry had the best 
viewing performance; while in branch-level and individual-leaf level, Japanese maple had the best 
ornamental performance. 
New leaf is also a botanical tourism resource, and the period of leaf flushing was longer than 
flowering and leaf abscission, which may increase the diversity of botanical tourism activities and 
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satisfied the tourists who like green plants. However, so far Japan Meteorological Agency has not had 
the observation information during leaf flushing period. Whether the best viewing during leaf flushing 
also need to be concerned in the future? What kind of information and observation indicators can be 
used to represent the best viewing of leaf flushing? 
 
Figure 3-5-3 Leaf area of three tree species during leaf opening period 
 
 




Figure 3-5-5 Leaf damage of Yoshino cherry 
 
    
Figure 3-5-6 Black plot in leaves of Japanese dogwood 
 
3.5.3 Phenological change of leaf abscission 
The observation indicators about maple leaves in Japan Meteorological Agency were focused on 
red leaves dates and leaf-fall dates, and mass media considered the best viewing appeared when lots 
of red maple leaves could be seen in autumn. However, according to the observation results, the 
phenological change of Japanese maple including leaves started turning red, red leaves, and leaf-fall. 
At the early stage of leaf discoloration, the trees showed mixed color of red and green, while the 
amount of leaves were more abundant than late stage. 
What’s more, I also observed the maple leaves changed color in summer. Because the strong light 
would accelerate the process of transpiration, which reduce the water content in leaves then caused 
color change. The extent of color change in single leaf ranged from 50% to 75% of red color, and the 
leaf showed mixed of red and green color from the front, but yellow color could be seen from the 
back under sunlight, so when people viewed from a distance, some of the leaves on the tree turned to 
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yellow color due to three-primary colors that red and green mixed into yellow (Figure 3-5-7). Based 
on the one-way ANOVA result about the size of Japanese maple leaves (Figure 3-3-9), we can 
conclude that large size of maple leaves tend to suffer from leaf scorch then changed color in summer, 
the mechanism is different from the autumn leaf discoloration. 
Compared to autumn, the period of leaf color change lasted for longer in summer, and the amount 
was more abundant than autumn, which may meet the needs of people who want to see mixed color 
leaves. Consequently, whether the leaf discoloration in summer and early stage of red leaves in 
autumn could also be favored by people? Whether the two indicators should be added in tourism 




Figure 3-5-7 Maple trees changed color in summer 
 
In addition, people was more concerned about the red leaves of maple, while the leaf abscission 
period of Japanese maple lasted for shortest time (Figure 3-5-8). Yoshino cherry and Japanese 
dogwood also had red leaves during leaf abscission period, the differences was the timing, and the 
amount of red leaves only remained 20% to 40% on the trees. Because flowering and leaf flushing 
were basically synchronized, while not existed in leaf abscission period. Yoshino cherry and Japanese 
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dogwood were suffered more insect damage during leaf flushing thus the speed of leaf-fall and red 
leaves dates were faster than Japanese maple. 
  Whether the small amount of red leaves also be liked by people? For the people who prefer red 
color leaves without regard to plant species, whether the best time for viewing red leaves could be 
longer than our imagined? 
 
 














Chapter 4  Meteorological condition 
4.1 Introduction  
Phenology is strongly controlled by climate6, how plants respond to climate change has significant 
consequences for world ecosystems9. Figure 4-1-1 to 4-1-3 indicate that temperature has increased 
since the early 20th century in Japan, causing the flowering period advanced while delayed the color 
change of maple leaves. When the average annual temperature rises by 1°C, the phenological period 
of plants are generally advanced by three to four days in spring, but generally delayed by three to four 
days in autumn, and the leaf flushing period is extended by six to eight days47. 
Events such as break dormancy and initiate growth are called phenological triggers. Temperature, 
rainfall, photoperiod have been recognized as the main environmental triggers for leaf growth and 
flowering5. Air temperature triggers the visible progress of phenology, such as flowering, leaf 
flushing and leaf coloration 12. In general, mean temperatures showed the best modelling ability in all 
events6, and leaf colouring was induced by minimum temperatures10. Warmer temperatures may 
advance the flowering, and the large variance in autumn-winter maximum temperature would 
increase flowering duration3. Besides, temperatures from January to April were correspond to the 
period of tree bud quiescence. Moreover, leaf senescence is triggered when a decrease in temperature 
and day length 16.  
What’s more, plant phenological responses were also triggered by past weather 6. For example, the 
previous year’s winter temperature may influence the current year’s leaf flushing process16. What’s 
more, plant phenological could also response to future climatic conditions and affect factors such as 
the future pollinator activity or the pace3. For instance, the initiation of bud dormancy are important 
to understand phenological responses of buds in the next spring6. The timing of senescence also has 
an impact on growth of the following year because it is associated with nutrient remobilization13.  
In summary, to know climatic influences over a complete annual cycle and the climate change 
experienced during each season could help us make reliable predictions about plant phenological 




Figure 4-1-1 Trend of annual mean temperature in Tokyo (JMA) 
 
 
Figure 4-1-2 Trend of peak flowering dates in Tokyo (JMA) 
 
 




 4.2.1 Accumulated temperature of flowering and leaf flushing 
There is a significant correlation between the duration of phenological phase and accumulated 
temperature, because a certain amount of accumulated temperature is required for plants to complete 
a certain period of development48. The number of continuous days with the average daily temperature 
more than 5°C is taken as the number of growing days10. Thus, the calculation method during 
flowering period and leaf flushing period in spring was based on this basis, and the formula of 
accumulated temperature is 
 
∑ (𝑡𝑖 − 𝑡0)
𝑁
𝑖=1 , 𝑡𝑖 > 𝑡0, 𝑡0 = 5°C 
 
  where 𝑡0 is the normal biological starting temperature; 𝑡𝑖 is the mean daily temperature; i started 
from the first date I observed budburst of plants. 
 
4.2.2 Accumulated temperature of leaf abscission 
First of all, I used the observation data from Japan Meteorological Agency to test the relationship 
between monthly mean temperature in September and October with leaf coloring dates of maple.  
Second, the leaves of Japanese maple changed its color from November in Japan, so the 
accumulated temperature starts from the day when the lowest temperature in November is below 
10°C and the total is calculated in units of one hour 45. The accumulated temperature formula is 
 
∑ (𝑡0 − 𝑡𝑖)
𝑁
𝑖=1 , 𝑡0 > 𝑡𝑖, 𝑡0=10°C 
 
where 𝑡0 is reference temperature for leaf coloring; 𝑡𝑖 is the mean temperature ; i started from 
the first hour when mean temperature below 10°C. 
Then, I observed the leaves of Yoshino cherry changed color and fall from trees after continuous 
rainfall in July, and the maple leaves also showed a lot of discoloration after continuous rainy days in 
November. Besides, the previous research indicated day length have high correlation with the leaf fall 
in Japan49. Therefore, the data about rainfall and day-length in Hachioji city were collected from 




4.3.1 Accumulated temperature of flowering 
The accumulated temperature from DOY 77 (two weeks before flowering) to DOY 91(10% of 
flowering) was 92°C (Appendix A6, Table 4-3-1). The accumulated temperature from 10% of 
flowering to peak flowering was about 49°C (Appendix A6, Table 4-3-2). 
 
 
4-3-1 Changes in temperature before flowering of Yoshino cherry 
 
 




4-3-3 Changes in temperature during flowering over 80% of Yoshino cherry 
 
4.3.2 Accumulated temperature of leaf flushing 
As for Yoshino cherry, the accumulated temperature from DOY 77 to DOY 101 (3% of new leaves 
emerged) was about 154°C (Appendix A6, Table 4-3-3); from DOY 101 (3% new leaves emerged) to 
DOY 123 (new leaves fully expanded) was around 242°C. 
In terms of Japanese maple, the accumulated temperature from DOY 77 to DOY 96 (5% of new 
leaves emerged) was 119°C (Appendix A6, Table 4-3-4); from DOY 96 (5% new leaves emerged) to 
DOY 130 (new leaves fully expanded) was around 335°C (Appendix A6, Table 4-3-5). 
With regard to Japanese dogwood, the accumulated temperature from DOY 77 to DOY 110 (new 
leaves emerged) was 238°C (Appendix A6, Table 4-3-6); from DOY 110 (5% new leaves emerged) 






4-3-4 Changes in temperature during leaf flushing of Yoshino cherry 
 
 
4-3-5 Changes in temperature during leaf flushing of Japanese maple 
 
 
4-3-6 Changes in temperature during leaf flushing of Japanese dogwood 
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4.3.3 Accumulated temperature of Japanese maple during leaf abscission 
At DOY 307, the lowest temperature was below 10°C, and the red leaves gradually appeared at 
around DOY 314. According to the statistical results of the (Appendix A6, Table 4-3-8), the low 
accumulated temperature of red leaves of maple was about 57°C. 
 
4-3-7 Changes in temperature during leaf abscission of Yoshino cherry 
 
4-3-8 Changes in temperature during leaf abscission of Japanese maple 
 
4-3-9 Changes in temperature during leaf abscission of Japanese dogwood 
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4.3.4 Relationship between plant phenology and previous monthly mean temperature 
  According to observation data provided by the Japan Meteorological Agency from 1983 to 2019, 
flowering dates in had a weak correlation between monthly mean temperature in February (R²= 0.41), 
and had high correlation with monthly mean temperature in March (R²= 0.66, Figure 4-3-10). 
However, there was no significant relationship between red leaves dates and monthly mean or lowest 
temperature in November (R²< 0.1, Figure 4-3-11). The results indicate temperature is not a primary 
factor of leaf discoloration in autumn. 
 
 
4-3-10 Relationship between monthly mean temperature in February and March  
with flowering dates in Tokyo (JMA) 
 
 
4-3-11 Relationship between monthly temperature in November  




4.3.5 Rainfall and temperature influenced on plant phenology 
During the leaf flushing period, rainfall and temperature showed up upward trend, and the rainfall 
amount reached 100mm in March (Figure 4-3-12). The monthly average temperature increased from 
January to March and exceeded 5°C in March. 
The rainfall amount further increased from April to June, then tended to be stable at around 200mm 
between June and August. At the same time, the temperature had increased significantly from April 
to August, then reached a peak in August which exceeded 25°C. 
During leaf abscission period, the rainfall amount over 600mm and reached its annual peak in 
October, then significantly reduced to less than 100mm in November and December. In the 
meanwhile, temperature also dropped from 20°C to about 5°C. 
 
4-3-12 Changes in rainfall and temperature in Hachioji City (JMA) 
 
In addition, at around DOY 240, the leaves of Yoshino cherry and Japanese dogwood started to 
changed its color and reduced amount. At around DOY 260, the amount of leaves sharply decreased 
below 60%. According to the Figure 4-3-13, there were accumulated rainfall over 100mm happened 
at DOY 230 and DOY 250, which were 10 days before leaf discoloration and leaf-fall. 
Moreover, Yoshino cherry and Japanese dogwood appeared large amount of red leaves at around 
DOY 290, over 400mm accumulated rainfall happened at DOY 285. What's more, five days before 
maple leaves turned to red color, there was over 150mm accumulated rainfall appeared at DOY 295. 
The rainfall was not obvious during the period of red maple leaves until the accumulated rainfall 
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exceeded 70mm on five days before leaf-fall.   
Furthermore, average temperature drops by 10°C in a week accompanied with accumulated rainfall 
over 400mm may observe red leaves. Average temperature dramatically drops by 12°C one weeks 
before leaf-fall from DOY 325 to DOY 333. During this period, the rainfall over 70mm which caused 
leaves suddenly fall off. 
 
4-3-13 Changes in rainfall and temperature during leaf abscission in Hachioji City (JMA) 
 
4.3.6 Relationship between day-length and plant phenology 
  During flowering and leaf flushing period, the day-length showed a significant increase trend, then 
reached peak at DOY 180 (Figure 4-3-14). After DOY 180, a gradually decrease trend began to appear, 
and day-length reduced to below 10 hours at around DOY 330, then increased again. 
 




In this study, plant phenological change was influenced by combined effects of temperature, 
rainfall, and day-length. 
Temperature had great influence on flowering and leaf flushing. The growth curve of air 
temperature and flowering were relatively consistent, as the temperature increased, the amount of 
flowering also increased. During the two weeks before flowering, the daily mean temperature 
remained above 5°C. From DOY 93 the overall temperature had showed upward trend, until DOY 96 
to DOY 97 reached a peak (Figure 4-3-2). What’s more, during the amount of flowering exceeded 
over 80%, the temperature showed u-shaped decline (Figure 4-3-3). At DOY 100, there was a trough 
in the temperature, and the daily average temperature dropped below 5°C. At this time, flowers on 
the trees had started falling.  
 Figure 4-3-4 to 4-3-6 show the temperature change during leaf flushing. During this period, the 
temperature increased steadily and the average temperature kept above 5°C. From bud burst to new 
leaves emerged, the accumulated temperature required by Japanese maple was the least. In addition, 
Yoshino cherry required for least accumulated temperature to reach fully expanded size, while 
Japanese dogwood required the most. In the meanwhile, during leaf flushing period, the amount of 
monthly rainfall exceeded 100 mm, and the day-length increased over 12 hours. 
 During the leaf abscission period, the temperature showed a decline trend day by day, with the 
minimum temperature dropped from about 25°C to 0°C (Figure 4-3-7 to Figure 4-3-9). In the 
meanwhile we can also observe from the macro variation graph that the trees showed a decrease in 
quantity and the change of color. However, temperature had weak correlation with red leaves dates, 
so it was not a primary factor for leaf discoloration and leaf abscission. About one week before leaf 
discoloration in late summer, 5 to 10°C dropped in temperature and more than 100 mm of rainfall 
could be observed (Figure 4-3-13). Moreover, around five days before red leaves occurred in autumn, 
average temperature dramatically drops by 10 to 12°C accompanied by 400 mm accumulated rainfall 
happened. What’s more, when day-length reduced to below 10 hours at around DOY 330, a large 
amount of leaves began to fall off. 
  To sum up, leaf abscission was influenced by combined effects of rainfall and temperature, at the 




Chapter 5 Human dimension in best viewing of phenological change 
5.1 Introduction 
Our daily life has strong relationship with various colors, because colors are one of the important 
components to humans for its cognitive properties associated with subjective preference11, and color 
preference indicates whether a color combination is preferred by a group of viewers4. People tend to 
be calm and relax when there are plants nearby, thus colors of plants have been reckoned physically, 
mentally, and socially beneficial for people11, also the preference such as like or dislike is on the basis 
of human traits which control our daily behaviors3. Therefore, to investigate the color preference on 
different gender and countries is helpful to understand people’s opinions about the best viewing of 
plants from the perspective of psychology. 
Generally, color preference of people is mainly affected by several factors, such as country, gender 
and personality traits1,3,4. Culture could influence people’s color preference due to color meaning 
would varied among countries5. For instance, green color is preferred in Japan because the color in 
Japan means nature and health, which could help people feel calm and peaceful8. However, green 
color in Indonesia represents danger or disease8, also Chinese people unlike green color for the 
meaning of illegal love affair.  
Secondly, gender differences in color preference for the reason of biological factors and sex 
differences in the evolution of color vision6. For example, women's brain or visual system is more 
specialized for gathering-related tasks, such as recognizing the ripe (purple or red) fruits or berries in 
green foliage, causing female prefer warm colors than males5,10. Male showed greater preference for 
cool colors than females because they encountered frequently in the natural environment, such as the 
blue sky or the green ground-field10. 
  What’s more, individuals with similar personality traits always express similar color preference. 
People who favored red and yellow were more extraverted than those who preferred blue and green10. 
What’s more, personality differences could also be influenced by country. For example, Chinese 
people preferred colors which could express the feelings of pleasure, power, courage, and passion; 
but Japanese like colors that had images of calm and light, also calmness tend to prefer by Indonesian 
people8. 
  To sum up, color preference varies by countries due to different culture. Gender and personality 
differences in color preference could also vary culturally. 
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5.2 Respondent personality 
  5.2.1 Questionnaire survey 
During the questionnaire survey period from November 10, 2019 to November 17, 2019, a total of 
410 people answered the questionnaire. Among them, 254 Chinese, accounting for 61.96% of the 
total, and 78 Japanese, accounting for 19.02%, answered the questionnaire. In addition, 78 people 
from seven countries in Southeast Asia answered the questionnaire, accounting for 19.02% of the 
total, with which Malaysia and Indonesia accounting for the majority (Figure 5-2-1). 
According to the gender proportion, among the respondents to the questionnaire, 256 were female, 
accounting for 62.44%, and 154 were male, accounting for 37.56% (Figure 5-2-2), the proportion of 
women also accounted for more than half of the population in each country (Figure 5-2-3). 
From the perspective of the overall age group of respondents, most of them were young people 
under 29 years old, accounting for 74.39% of the total (Figure 5-2-4). In terms of age distribution in 
each country, people who under the age of 29 also accounted for more than 70% (Figure 5-2-5). 
People were asked if they had any experience in staying in Japan, about half of the respondents 
answered that they had come to Japan (50.6%) and about half had never been to Japan (Figure 5-2-
6). Therefore, in the follow-up analysis, the responses of the two groups were also be compared. 
 
 





Figure 5-2-2 Gender proportion of respondents 
 
 
Figure 5-2-3 Gender proportion of different countries 
 
 





Figure 5-2-5 Age group of different countries 
 
 





5.2.2.1 Color preference 
All statistical analyses were done using Origin Student 2020 (OriginLab Corporation, USA). 
According to the results of Levene’s Test, the response data of respondents in this sample are in line 
with the normal distribution (P = 0.37). There was a significant difference in people's preference 
among the colors (P ＜ 0.001, Figure 5-2-7), and blue was the most popular color among all the six 
colors (Mean = 3.9). In addition, according to the results of multiple comparison test, blue was 
significantly higher than yellow , orange and green (P ＜ 0.001), and significantly higher than red 
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(P = 0.002), which indicate that blue was the most popular color and least like yellow. Second, there 




Figure 5-2-7 One-way ANOVA result about color preference of all respondents 
 
Table 5-2-1 One-way ANOVA result about color preference of all respondents 
Source of variance Sum of Squares df Mean Square F F crit P-value 
Between groups 71.06 5 14.21 13.11 2.22 ＜0.0001 
Within groups 266.79 2454 1.08    




5.2.2.2 Color preference differences among regions 
This paper makes a further analysis of the possible reasons for the selection differences. Two-way 
ANOVA results showed that at the 0.05 level, the population means of region were significantly 
different (P ＜ 0.001, Table 5-2-2), the population means of color are significantly different (P ＜ 
0.001, Table 5-2-2), and the interaction between region and color was significant effect (P = 0.002, 
Figure 5-2-8, Table 5-2-2). The results proved that people from different regions had extremely 
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significant differences in color preference. 
There was a significant difference in color preference between China and Japan (P ＜ 0.001), and 
a significant difference in China and Southeast Asia (P = 0.008), but there was no significant 
difference between Japan and Southeast Asia (P = 0.093). The reason was that both Japanese people 
and Southeast Asian people prefer green to yellow, while Chinese people prefer yellow color to green5. 
Second, from a color perspective, except the highly significant difference between blue and other 
colors (P ＜ 0.001), also there was a significant difference between red and yellow (P = 0.039). 
Furthermore, the results of the interaction reveal specific differences between regions and color 
(Figure 5-2-8, Table 5-2-2). Among them, the difference on plant color basically reflected in Japanese 
people showed highly preference for green (Mean = 4.05) , which is significantly different from 
Southeast Asian people's low preference for orange (P = 0.022) and yellow (P ＜ 0.001), also had 
extremely significant difference between Chinese people for their lower preference for yellow, green 
and orange (P < 0.001). Color preference order for Japanese was Green > Orange > Red > Yellow in 
turn; Southeast Asian people’s color evaluations was Red > Green > Orange > Yellow from high to 
low; while Chinese people's color evaluation was Red > Yellow > Green > Orange.  
The results show that Chinese and Southeast Asia prefer red color to Japanese; Japanese preferred 
blue and green than yellow and red, but Chinese liked red and dislike green; all of the countries 
showed low preference for yellow, but compared to Japanese and Southeast Asian, Chinese people 




Figure 5-2-8 Two-way ANOVA result about color and region 
 
Table 5-2-2 Two-way ANOVA results about color preference 
 df F Value P-Value 
Region 2 17.55 ＜0.001 *** 
Color 5 12.96 ＜0.001 *** 
Interaction 10 2.82 0.002 ** 
 
5.2.2.3 Color preference and gender 
The second possible reason for the difference in color preference is the gender of the respondents. 
The results of two-way ANOVA showed that at the 0.05 level, the population means of gender were 
significantly different (P ＜ 0.001), the population means of color were significantly different (P ＜ 
0.001), also the interaction between gender and color were significant (P = 0.003, Figure 5-2-3). The 
results indicate color preferences differ significantly in gender. 
Next, the results of multiple comparisons show that there was a significant difference in color 
preference between female and male (P ＜ 0.001, Table 5-2-8). In terms of color, different colors 
had received different evaluations, blue was the most popular color for both male (Mean = 4.03) and 
female (Mean = 3.82), and male showed a strong preference for blue, so blue showed a highly 
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significant difference to other colors (P ＜ 0.01, Table 5-2-3). What’s more, there were differences 
between red and yellow (P = 0.041). Within the four plant colors, both male and female preferred red 
and green to orange and yellow. In addition, the significant difference between red and yellow due to 
male showed low preference for yellow color, while female tended to prefer red and green (P ＜ 
0.01, Table 5-2-3). 
  To summarize, the highly significant difference of color and gender was mainly shown in male's 
strong preference for blue, also both male and female preferred red to yellow. 
 
Figure 5-2-9 Two-way ANOVA result about color and gender 
 
Table 5-2-3 Two-way ANOVA results about color preference 
 df F Value P-Value 
Gender 1 13.18 ＜0.001 *** 
Color 5 15.64 ＜0.001 *** 







5.2.2.4 Interaction effects between region and gender 
There were no significant difference in the overall evaluation of red and yellow from different 
regions and genders (P > 0.05, Figure 5-2-10, Figure 5-2-11). 
Interaction between orange color and gender were not significant (P > 0.05), but orange showed 
significant difference under the main effect of region (P < 0.001, Figure 5-2-12). The difference was 
mainly reflected in that Japanese people prefer orange color than Chinese and Southeast Asian (P < 
0.05). Chinese male showed lowest preference to orange. 
There were differences in the interaction between regions and genders (P = 0.016, Figure 5-2-13), 
also the main effect of region showed significantly difference on green color (P < 0.001), while no 
significant under the main effect of gender was found (P > 0.05). Multiple comparison results suggests 
that the differences were due to that Japanese people had higher preference of green color than 
Chinese (P < 0.001).The differences also could be seen in Japanese male who showed the highest 
preference of green but Chinese male least like it, furthermore, Chinese female also showed lower 
preference of green. 
The interaction between region and blue color was not significant (P > 0.05, Figure 5-2-14), but 
showed significant difference under the main effect influence by country (P < 0.01). The difference 
are mainly reflected between Japanese and Chinese, Japanese tended to prefer blue color, especially 
Japanese male have highest preference to blue. 
There were no differences in the interaction between regions and genders on purple color (P > 0.05), 
while showed significant difference under the main effect of gender (P < 0.01, Figure 5-2-15). In 
accordance with the result of multiple comparisons, the difference would be reflected in that 





Figure 5-2-10 Two-way ANOVA result for red color 
 
Table 5-2-4 Two-way ANOVA result for red color 
 df F Value P-Value 
Region 2 1.419 0.243 NS 
Gender 1 0.42 0.517 NS 
Interaction 2 1.087 0.338 NS 
 
Figure 5-2-11 Two-way ANOVA result for yellow color 
 
Table 5-2-5 Two-way ANOVA result for yellow color 
 df F Value P-Value 
Region 2 0.635 0.530 NS 
Gender 1 3.391 0.066 NS 




Figure 5-2-12 Two-way ANOVA result for orange color 
 
Table 5-2-6 Two-way ANOVA result for orange color 
 df F Value P-Value 
Region 2 7.287 <0.001 *** 
Gender 1 0.002 0.962 NS 
Interaction 2 2.096 0.124 NS 
 
Figure 5-2-13 Two-way ANOVA result for green color 
 
Table 5-2-7 Two-way ANOVA result for green color 
 df F Value P-Value 
Region 2 15.402 <0.001 *** 
Gender 1 0.131 0.718 NS 




Figure 5-2-14 Two-way ANOVA result for blue color 
 
Table 5-2-8 Two-way ANOVA result for blue color 
 df F Value P-Value 
Region 2 6.303 0.002 ** 
Gender 1 3.147 0.077 NS 
Interaction 2 0.615 0.541 NS 
 
Figure 5-2-15 Two-way ANOVA result for purple color 
 
Table 5-2-9 Two-way ANOVA result for purple color 
 df F Value P-Value 
Region 2 2.481 0.085 NS 
Gender 1 9.026 0.003 ** 
Interaction 2 0.023 0.977 NS 
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5.3 Evaluation of best viewing 
Different people have different opinions about the best viewing, making the results in the part 2 
varied. In this part, statistical analysis of Fisher’s Exact Probability Test was used in each group in 
order to examine the main reasons for different choices of people. 
 
 5.3.1 Individual tree-level results 
5.3.1.1 Flowering 
Best viewing preference of people varied among flowering stages. Overall, 57.56% of respondents 
chose 1-E as best viewing during flowering, the total amount of flowering over 80% during this period 
(Figure 5-3-1-1). First, from the perspective of region, early stage of flowering preferred by Chinese 
and Southeast Asian, while Japanese people preferred late stage flowering. Second, for both Chinese 
and Southeast Asian respondents, there was no significant difference between male and female (Table 
5-3-1), while the people who had the experience of staying in Japan tended to prefer late stage of 
flowering (Figure 5-3-1-6). To sum up, experience of living in Japan strongly influenced human 
preference for best viewing of flowering.  
 
5.3.1.2 Leaf flushing 
  Best viewing preference varied among leaf flushing period. Generally, most of respondents chose 
2-E as best viewing period, when the total amount of new leaves reached 100% and the size of leaves 
were fully expanded (Figure 5-3-2-1). First of all, early stage (2-A) of leaf flushing were preferred 
by female, which in the status when the petals of the cherry blossoms had completely fallen off and 
the new leaves had just came out, but late stage with large amount of green leaves were preferred by 
male. Secondly, for the respondents of Japan and China, there was no significant difference between 
gender (Table 5-3-1), while early stage was preferred by Southeast Asian (Figure 5-3-2-2), especially 
the Southeast Asia female, and with the increasing of new leaves, the Southeast Asia male favored 
the late stage of leaf flushing. The results indicate the color of trees and the amount of new leaves 






5.3.1.3 Leaf abscission 
   Best viewing preference varied among leaf abscission period in individual tree-level. Totally, 
38.78% of the respondents chose 3-C as best viewing during leaf abscission of yellow leaves (Figure 
5-3-3-1). Firstly, early stage of yellow leaves discoloration were preferred by Chinese people, while 
Southeast Asia and Japanese liked the middle stage (Figure 5-3-3-2). Secondly, for the male from 
different countries, mixed color of yellow and green in the yellow leaves were popular by Chinese 
male, and Japanese male tended to choose in 3-B and 3-C, when the amount of leaves remained 
around 60% while the leaves in the tree changed into single color of yellow. In addition, there was no 
significant difference between the choices of female from different regions (Table 5-3-1).  
  Overall 43.66% of the respondents chose 4-B as the best viewing of red leaves tree (Figure 5-3-4-
1). First of all, early stage of red leaves change color was preferred by female, but late stage was 
preferred by male. Second, for the male from different regions, Japanese male tended to choose 4-B 
as the best viewing period, while the initial stage of leaf discoloration (4-A) and the stage before 
leaves completely fall off were favored by Chinese male and Southeast Asian male. However, there 
was no significant difference between the choices of female from different countries (Table 5-3-1). 
Thirdly, compared to Chinese female, the period of when the total amount remained around 40% (4-
D) was preferred by Chinese male. Furthermore, Southeast Asian male tended to choose the initial 
discoloration stage and preferred late stage as best viewing by comparison with Southeast Asian 
female (Figure 5-3-4-9).  
   Generally most of respondents chose 5-C as best viewing of mixed color leaves tree (Figure 5-3-
5-1). First, there are significant difference between Chinese, Japanese and Southeast Asian (Table 5-
3-1), the initial stage (5-A) of mixed leaf color change was preferred by Japanese, while Chinese 
people preferred the middle stage (5-B and 5-C), late stage (5-D) was favored by Southeast Asian 
people, and the last stage before red leaves fell down was liked by Chinese and Southeast Asian 
people. The color change process of mixed color leaves tree started from green, then became green-
yellow (5-A), turned to the green-yellow-red (5-B), and changed to yellow-red (5-C), finally remained 
red color (5-D and 5-E).  
  The above results suggest the extent of leaf discoloration and color preference of people influenced 




5.3.2 Branch-level results 
Best viewing preference varied among leaf abscission period in branch-level (Figure 5-3-6-1, 
Figure 5-3-7-1 and Figure 5-3-8-1). 
During the phenological change of yellow leaves, overall the number of people who chose 6-B and 
6-D were the same, from the perspective of region, the differences were that Southeast Asians and 
Chinese tended to choose 6-B, but Japanese preferred 6-D. Among them, both Southeast Asian male 
and Southeast Asian female were tended to choose 6-B; the proportion of Japanese male chose 6-B 
and 6-D were the same, while Japanese female tended to 6-B; Chinese male preferred 6-B, but 
Chinese female most liked 6-D. In summary, the main reason for the difference was the choices 
between Chinese male and Chinese female.  
As for the color change process of red leaves, the number of people who chose 7-C was the most, 
accounting for 28.29%. First of all, from the perspective of gender, early stage preferred by male, 
while late stage before leaf-fall was favored by female. Secondly, early stage were favored by Chinese 
male and Southeast Asian male, but late stage preferred by Japanese male. In addition, Chinese female 
and Southeast Asian female were preferred late stage.  
   About the color change process of mixed color leaves, in general, 29.03% of the respondents 
chose 8-B as best viewing period of mixed color leaves in branch-level. There were difference existed 
in Chinese, Japanese and Southeast Asian, first of all, the early were preferred by Chinese male and 
Southeast Asian male, while the late stage were favored by Japanese male. In addition, there are no 
significant difference between female in different countries (Table 5-3-1). Thus the differences 
existed on Japanese male’s choices were different from Chinese male and Southeast Asian male, 
Japanese male tended to prefer late stage of red leaves with less amount in twigs, while Chinese male 
and Southeast Asian male were liked the early stage of mixed color with green-yellow-red leaves.  
The above results illustrate the extent of color change and the amount of leaves in branch influenced 
the preference for best viewing. 
 
5.3.3 Individual leaf-level results 
Best viewing preference varied among leaf abscission period in individual leaf-level (Figure 5-3-
9-1, Figure 5-3-10-1 and Figure 5-3-11-1). 
As for yellow color leaf, most of the respondents chose 9-D as best viewing. There were significant 
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difference between Chinese, Southeast Asian and Japanese, at the early stage about 25% to 50% color 
change in single leaf were preferred by Chinese and Southeast Asian, while Japanese tended to choose 
full color as best viewing. In addition, the choices between male and female in different counties were 
significantly different (Table 5-3-1), the initial stage about 25% of yellow color mixed green were 
preferred by male, while female tended to like full color of yellow leaves.  
During the color change process of single red leaf, most of the respondents chose 10-D as best 
viewing. The early stage about mixed color of change in single leaf were preferred by Chinese and 
Southeast Asian, but Japanese tended to choose full color as best viewing. Furthermore, the choices 
between male and female in different counties were significantly different (Table 5-3-1), the 
proportion of color change below 50% were preferred by male, while female tended to like the color 
change of yellow over 75%, especially the Japanese female think the best viewing only exist in more 
than 75% of the discoloration. 
Generally, 36.09% of the respondents chose 11-E (full color of red) as best viewing period of mixed 
color leaf. Mixed color of green-yellow-red were favored by Chinese and Southeast Asian, while 
Japanese liked full color of red leaf, especially Japanese male preferred full color than other stages. 
In addition, Chinese male most liked the leaf in yellow-red mixed color stage. There were no 
significant difference between the choices of gender form different countries (Table 5-3-1).  
In summary, the proportion of color change influenced the preference for best viewing of leaf 
abscission in individual leaf-level. 
 
5.4 Discussion  
5.4.1 The best viewing of flowering 
People who without the experience of living in Japan may think that the best viewing is when the 
flowers bloom, so from the early stage of flowering have already had the possibility to become the 
best viewing. However, the people who had been living in Japan might have the experience of Hanami, 
or influenced by the forecast of Japan Meteorological Agency or mass media, so they think the best 
viewing is not only to see the open flowering, but expect to see a large amount and peak of flowering. 
 
5.4.2 The best viewing of leaf flushing 
Preference in green color was affected by both region and gender due to color meanings varied by 
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cultures. Compared to Chinese and Southeast Asian, Japanese people most like green color during 
plant colors. Green is a calm color which preferred by Japanese people for their conservative 
personality, and green color is associated with nature environment so that could make Japanese people 
feel relax and comfortable. Thus the late stage with green leaves fully expanded were most liked by 
Japanese people. 
 2-A represented for the initial stage of leaf flushing in Yoshino cherry trees, which was generally 
with pink, a color between purple and red. According to the results of the color preference, Southeast 
Asian preferred red and purple than Chinese and Japanese, especially the female in Southeast Asia, 
because purple color has a strong relationship with religion, and means royalty and nobility in Islam. 
However, male's preference for purple was the lowest of all colors. As a result, male tend to prefer 
large amount of new leaves during late stage of leaf flushing, while initial stage was preferred by 
Southeast Asian people than Chinese and Japanese. 
However, green means illegal love affair and stock price falls down in China, so Chinese people 
dislike it and especially Chinese male least like green among four of the plant colors. Therefore, the 
middle stages with less amount of green leaves on the tree were most favored by Chinese people. 
 
5.4.3 The best viewing of leaf abscission 
 5.4.3.1 Yellow color leaves 
Yellow color was least popular of all colors because it is a taboo color in Southeast Asia. For 
example, in Malaysia yellow means death, so that is why both male and female in Southeast Asia 
least like yellow. However, in China yellow have lots of good meanings, such as the symbol of power 
and royalty, thus Chinese people prefer yellow than Southeast Asian and Japanese. What’s more, 
yellow also have good meaning in Japan for it represents for symbol of emperor, but in the 
investigation result of this research which show that Japanese male also least liked yellow among 
plant colors. Yellow is an extrovert color, while lots of Japanese people’s personality traits tended to 
be conservative, so they showed less preference for yellow. 
An old Chinese said “a falling leaf reveals the coming of autumn”, means Chinese people believe 
the best viewing during leaf abscission starts when a single leaf began to change color and fall from 
the tree14. As a result, the early stage of yellow leaves were popular among Chinese male, the total 
amount of leaves were most abundant. However, Southeast Asian and Japanese may think the best 
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viewing of yellow leaves begins when the tree or branch were completely occupied by yellow, if the 
community is still mixed with green, which is not the best time for viewing. 
 
5.4.3.2 Red color leaves 
Red has good meanings in both China, Southeast Asia and Japan, so the preference for red was not 
significantly different by region and gender, also people had highest evaluation of red among plant 
colors. In China, red symbolizes good luck so Chinese have stronger preference for reddish hues. Red 
in Southeast Asia have positive meanings, such as victory, friendship, prosperous and brave. In China 
and Southeast Asia, both male and female like red most among plant colors. In addition, red color in 
Japan represents for divine power and good luck, so we could always see red color had been used in 
traditional Japanese gate such as torii. However, in this investigation and some surveys show that 
Japanese female least like red among plant colors because they think red cannot calm them down12. 
As a result, the stage when the number of red leaves were the most abundant during leaf abscission 
period, and when the color of the leaves changes from red-green to solid red were most popular among 
people. What’s more, people’s preferences gradually increased as the red component increased 
(Figure 5-3-4-1, Figure 5-3-7-1, Figure 5-3-10-1). 
In addition, Southeast Asian have similar preferences for red and green, so the combination of red 
and green at the initial stage was most of liked by them. Moreover, Chinese male tended to prefer the 
late stage when the leaves turn to pure red, although the amount of leaves were not abundant. 
 
5.4.3.4 Mixed color leaves 
During the change process of mixed color leaf, people could observe green, yellow, red and orange 
color. The evaluation difference of orange color was mainly influenced by region. Compared to 
Chinese and Southeast Asian, Japanese in this research showed a highly preference for orange among 
plant colors, because orange represents for money and wealthy in Japan. In addition, some of the 
investigation results indicated that orange is popular in working adults for the color could inspire 
Japanese and warm their heart13. However, Chinese female least like orange among plant colors, and 
some report pointed out that people who dislike orange tend to feel anxious in their daily life. 
 During the middle to late stage of mixed color leaves (5-B), the color of leaves were mainly showed 
yellow-orange color, this stage were preferred by Japanese and Chinese. What’s more, during the late 
73 
 
stage in 8-E, the branch were mainly red mixed with a little yellow, which close to orange visually, 
and this stage was also most popular among Japanese. In addition, during the initial stage (5-A), the 
green color accounted for the majority leaves on the tree, and the stage was preferred by Japanese.  
As the mixed color leaves on the tree turned to red (5-D), Southeast Asia people were most liked 
this stage. The final stage before leaf-fall (5-E) was favored by Chinese and Southeast Asian. 
Moreover, mixed color in branch and individual-leaf level were preferred by Chinese and Southeast 
Asian than Japanese. 
 







































































































































































































































































































































Phenological stage of flowering—Individual tree-level 
 
Figure 5-3-1-1 Answer about best viewing of        Figure 5-3-1-2 Answer of best viewing of 
flowering by all of the respondents              flowering by people in three regions 
 
Figure 5-3-1-3 Answer about best viewing of         Figure 5-3-1-4 Answer of best viewing of 
flowering by different gender                   flowering by male in three regions 
 
Figure 5-3-1-5 Answer about best viewing of       Figure 5-3-1-6 Answer of best viewing of flowering by 





Figure 5-3-1-7 Answer about best viewing of        Figure 5-3-1-8 Answer of best viewing of 
flowering by different Chinese gender          flowering by different Japanese gender 
 
 
Figure 5-3-1-9 Answer about best viewing of      














Phenological stage of leaf flushing—Individual tree-level 
 
 Figure 5-3-2-1 Answer about best viewing of        Figure 5-3-2-2 Answer of best viewing of 
leaf flushing by all of the respondents            leaf flushing by people in three regions 
 
Figure 5-3-2-3 Answer about best viewing of         Figure 5-3-2-4 Answer of best viewing of 
leaf flushing by different gender                leaf flushing by male in three regions 
 
Figure 5-3-2-5 Answer about best viewing of       Figure 5-3-2-6 Answer of best viewing of leaf flushing by 





Figure 5-3-2-7 Answer about best viewing of        Figure 5-3-2-8 Answer of best viewing of 
leaf flushing by different Chinese gender          leaf flushing by different Japanese gender 
 
 
Figure 5-3-2-9 Answer about best viewing of      














Phenological stage of leaf abscission —Individual tree-level 
 
Figure 5-3-3-1 Answer about best viewing of                    Figure 5-3-3-2 Answer of best viewing of  
leaf abscission(Yellow leaves) by all of the respondents         leaf abscission(Yellow leaves) by people in three regions 
 
Figure 5-3-3-3 Answer about best viewing of                   Figure 5-3-3-4 Answer of best viewing of 
leaf abscission(Yellow leaves) by different gender              leaf abscission(Yellow leaves) by male in three regions 
 
Figure 5-3-3-5 Answer about best viewing of                Figure 5-3-3-6 Answer of best viewing of leaf abscission(Yellow leaves)  





Figure 5-3-3-7 Answer about best viewing of                  Figure 5-3-3-8 Answer of best viewing of 
leaf abscission(Yellow leaves) by different Chinese gender       leaf abscission(Yellow leaves) by different Japanese gender 
 
Figure 5-3-3-9 Answer about best viewing of      














Phenological stage of leaf abscission (Red leaves)—Individual tree-level 
 
Figure 5-3-4-1 Answer about best viewing of                 Figure 5-3-4-2 Answer of best viewing of 
leaf abscission (Red leaves) by all of the respondents          leaf abscission (Red leaves) by people in three regions 
 
Figure 5-3-4-3 Answer about best viewing of                Figure 5-3-4-4 Answer of best viewing of 
leaf abscission (Red leaves) by different gender           leaf abscission (Red leaves) by male in three regions 
 
Figure 5-3-4-5 Answer about best viewing of             Figure 5-3-4-6 Answer of best viewing of leaf abscission (Red leaves) by 





Figure 5-3-4-7 Answer about best viewing of                    Figure 5-3-4-8 Answer of best viewing of 
leaf abscission (Red leaves) by different Chinese gender        leaf abscission (Red leaves) by different Japanese gender 
 
Figure 5-3-4-9 Answer about best viewing of      














Phenological stage of leaf abscission (Mixed color leaves) —Individual tree-level 
 
Figure 5-3-5-1 Answer about best viewing of               Figure 5-3-5-2 Answer of best viewing of 
leaf abscission (Mixed color) by all of the respondents       leaf abscission (Mixed color) by people in three regions 
 
Figure 5-3-5-3 Answer about best viewing of                Figure 5-3-5-4 Answer of best viewing of 
leaf abscission (Mixed color) by different gender           leaf abscission (Mixed color) by male in three regions 
 
Figure 5-3-5-5 Answer about best viewing of             Figure 5-3-5-6 Answer of best viewing of leaf abscission (Mixed color) by 





Figure 5-3-5-7 Answer about best viewing of                    Figure 5-3-5-8 Answer of best viewing of 
leaf abscission (Mixed color) by different Chinese gender       leaf abscission (Mixed color) by different Japanese gender 
 
 
Figure 5-3-5-9 Answer about best viewing of      














Phenological stage of leaf abscission (Yellow leaves) —Branch-level 
 
Figure 5-3-6-1 Answer about best viewing of                  Figure 5-3-6-2 Answer of best viewing of 
leaf abscission (Yellow leaves)by all of the respondents       leaf abscission (Mixed color) by people in three regions 
 
Figure 5-3-6-3 Answer about best viewing of                  Figure 5-3-6-4 Answer of best viewing of 
leaf abscission (Yellow leaves) by different gender        leaf abscission (Yellow leaves) by male in three regions 
 
Figure 5-3-6-5 Answer about best viewing of               Figure 5-3-6-6 Answer of best viewing of leaf abscission (Yellow leaves)  





Figure 5-3-6-7 Answer about best viewing of                   Figure 5-3-6-8 Answer of best viewing of 
leaf abscission (Yellow leaves) by different Chinese gender       leaf abscission (Yellow leaves) by different Japanese gender 
 
 
Figure 5-3-6-9 Answer about best viewing of      














Phenological stage of leaf abscission (Red leaves) —Branch-level 
 
Figure 5-3-7-1 Answer about best viewing of                 Figure 5-3-7-2 Answer of best viewing of 
leaf abscission(Red leaves) by all of the respondents        leaf abscission(Red leaves) by people in three regions 
 
Figure 5-3-7-3 Answer about best viewing of                 Figure 5-3-7-4 Answer of best viewing of 
leaf abscission(Red leaves) by different gender              leaf abscission(Red leaves) by male in three regions 
  
Figure 5-3-7-5 Answer about best viewing of          Figure 5-3-7-6 Answer of best viewing of leaf abscission (Red leaves)  





Figure 5-3-7-7 Answer about best viewing of                 Figure 5-3-7-8 Answer of best viewing of 
leaf abscission(Red leaves) by different Chinese gender       leaf abscission(Red leaves) by different Japanese gender 
 
 
Figure 5-3-7-9 Answer about best viewing of      














Phenological stage of leaf abscission (Mixed color leaves) —Branch-level 
 
Figure 5-3-8-1 Answer about best viewing of                 Figure 5-3-8-2 Answer of best viewing of 
leaf abscission (Mixed color) by all of the respondents        leaf abscission (Mixed color) by people in three regions 
 
Figure 5-3-8-3 Answer about best viewing of                  Figure 5-3-8-4 Answer of best viewing of 
leaf abscission (Mixed color) by different gender            leaf abscission (Mixed color) by male in three regions 
 
Figure 5-3-8-5 Answer about best viewing of               Figure 5-3-8-6 Answer of best viewing of leaf abscission (Mixed color)  




Figure 5-3-8-7 Answer about best viewing of                 Figure 5-3-8-8 Answer of best viewing of 
leaf abscission (Mixed color) by different Chinese gender       leaf abscission (Mixed color) by different Japanese gender 
 
 
Figure 5-3-8-9 Answer about best viewing of      














Phenological stage of leaf abscission (Yellow leaf) —Individual leaf-level 
 
Figure 5-3-91-1 Answer about best viewing of                 Figure 5-3-9-2 Answer of best viewing of 
leaf abscission (Yellow leaf) by all of the respondents            leaf abscission (Yellow leaf) by people in three regions 
 
Figure 5-3-9-3 Answer about best viewing of                Figure 5-3-9-4 Answer of best viewing of 
leaf abscission (Yellow leaf) by different gender             leaf abscission (Yellow leaf) by male in three regions 
 
Figure 5-3-9-5 Answer about best viewing of          Figure 5-3-9-6 Answer of best viewing of leaf abscission (Yellow leaf) 





Figure 5-3-9-7 Answer about best viewing of                   Figure 5-3-9-8 Answer of best viewing of 
leaf abscission (Yellow leaf) by different Chinese gender        leaf abscission (Yellow leaf) by different Japanese gender 
 
Figure 5-3-9-9 Answer about best viewing of      














Phenological stage of leaf abscission (Red leaf) —Individual leaf-level 
 
Figure 5-3-10-1 Answer about best viewing of                Figure 5-3-10-2 Answer of best viewing of 
leaf abscission (Red leaf) by all of the respondents           leaf abscission (Red leaf) by people in three regions 
 
Figure 5-3-10-3 Answer about best viewing of                  Figure 5-3-10-4 Answer of best viewing of 
leaf abscission (Red leaf) by different gender                leaf abscission (Red leaf) by male in three regions 
 
Figure 5-3-10-5 Answer about best viewing of              Figure 5-3-10-6 Answer of best viewing of leaf abscission (Red leaf)  





Figure 5-3-10-7 Answer about best viewing of                Figure 5-3-10-8 Answer of best viewing of 
leaf abscission (Red leaf) by different Chinese gender         leaf abscission (Red leaf) by different Japanese gender 
 
Figure 5-3-10-9 Answer about best viewing of      














Phenological stage of leaf abscission (Mixed color leaf) —Individual leaf-level 
 
Figure 5-3-11-1 Answer about best viewing of               Figure 5-3-11-2 Answer of best viewing of 
leaf abscission (Mixed color) by all of the respondents          leaf abscission (Mixed color) by people in three regions 
 
Figure 5-3-11-3 Answer about best viewing of                Figure 5-3-11-4 Answer of best viewing of 
leaf abscission (Mixed color) by different gender             leaf abscission (Mixed color) by male in three regions 
 
Figure 5-3-11-5 Answer about best viewing of         Figure 5-3-11-6 Answer of best viewing of leaf abscission (Mixed color) 





Figure 5-3-11-7 Answer about best viewing of                 Figure 5-3-11-8 Answer of best viewing of 
leaf abscission (Mixed color) by different Chinese gender        leaf abscission (Mixed color) by different Japanese gender 
 
Figure 5-3-11-9 Answer about best viewing of      















Chapter 6  General discussion 
This research discussed the best viewing period based on biological and human dimensions. Three 
types of ornamental plants were chosen as observation objects, recorded the phenological change of 
flowering, leaf flushing and leaf abscission. The study also conducted questionnaire survey to 
investigate human evaluations and preferences of best viewing. The results show that different species 
had various phenological stages, the phenological change may influenced by external causes then 
caused different synchronization. Flowering and leaf flushing were basically synchronized, while not 
existed in leaf abscission due to insect damage during leaf flushing may influence the leaf-fall speed 
in autumn. As for meteorological condition, temperature had great influence on flowering and leaf 
flushing, while leaf abscission was influenced by combined effects of rainfall, temperature and day-
length. Furthermore, human evaluation for best viewing of plants varied according to different regions, 
gender, and color preferences. Because of these differences, the best time for viewing ornamental 
plants might be longer than imagined. Therefore, people can base on the results from this research to 
arrange their favorite tourist activities during different seasons. 
 
Next, based on the questions raised in Chapter 3 and the questionnaire survey results in Chapter 5, 
a comprehensive discussion on the best viewing of phenological change is carried out: 
 
6.1 The best viewing of flowering 
Questions:  
① Is it possible that stages of early flowering and petal fall also preferred by people? 
② Whether the best viewing period of flowering was longer than our imagined?  
③ Whether the observation indicator of petal fall should be added in the future? 
 
Result of questionnaire survey indicated that most of the respondents chose 1-E as the best viewing 
period of flowering (Figure 5-3-1-1). According to the phenological observation data, 1-E represented 
the period when total amount of flowering over 80%, and the first day of the peak appeared at DOY 
97 synchronically. During the best viewing period, the average petal length was about 1.77 cm, 
average petal width was about 1.47 cm, and average petal size was around 2.60 cm².  
The differences between regions were reflected in Japanese believed the best viewing period 
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occurred when the total amount of flowering over 40%, while the flowering amount of 10% to 40% 
at early stages were preferred by Chinese and Southeast Asian. Moreover, petal fall stages (2-A and 
2-B) were preferred by about 28% of respondents, especially the people from Southeast Asia liked 
this period. In addition, early stage of petal fall in 2-A (90% of petal fall mixed with 10% new leaves) 
were favored by about 20% of Japanese female, while they didn’t like the stages in 2-B (70% of petal 
fall mixed with 20% of new leaves).  
Therefore, stages of early flowering and petal fall may also be liked by foreign tourists from China 
and Southeast Asia, also early stage of petal fall was liked by some of Japanese people. Traditional 
opinions about the best viewing of flowering was mainly focused on the period when amount of 
flowering over 80%, while this research indicate the best viewing is likely to start from early stage of 
flowering to petal fall, so the best time for viewing Yoshino cherry may be lasted for over three weeks 
due to different people’s preferences. If the observation indicator of petal fall be added in the future, 
which may attract more tourists who like this stage and also could extend the time for viewing flowers. 
 
6.2 The best viewing of leaf flushing 
Questions:  
① Whether the best viewing during leaf flushing also need to be concerned in the future? 
② What kind of information and observation indicators can be used to represent the best viewing of 
leaf flushing? 
 
Most of the respondents chose 2-E as the best viewing period of leaf flushing (Figure 5-3-2-1). 
Based on the phenological observation results, 2-E represented the period when total amount of new 
leaves reached 100% and the size of leaves were fully expanded. The timing for each species reached 
fully expanded were different (Figure 3-5-8): Yoshino cherry, Japanese maple and Japanese dogwood 
reached fully expanded at DOY 124, DOY 131, and DOY 139 respectively; what’s more, the leaf 
opening period lasted for 97 days, 184 days and 116 days separately.  
In addition, most of the plants during leaf flushing period showed green color. According to the 
results of color preference, Japanese people showed the highest preference of green among plant 
colors, and Southeast Asia people also tended to like green, so the information about the best viewing 
of leaf flushing is important for the tourists who like green leaves. Furthermore, color of trees and the 
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amount of new leaves influenced preference for best viewing of leaf flushing (Chapter 5), thus the 
two factors can be used as observation indicators. The information represent the best viewing of leaf 
flushing including: 1) total amount new leaves reached 100%; 2) the individual tree-level and 
individual leaf-level were totally showed green colors; 3) leaves were in the status of fully expanded.  
What’ s more, during the best viewing period of leaf flushing, the chlorophyll content in individual-
leaf of Yoshino cherry was the highest among three tree species, which over 35%, while leaf flushing 
period lasted for shortest time due to larger leaf area (mean = 51.67 cm²) were easier to suffer from 
insect damage. Japanese maple and Japanese dogwood were both remained over 20% of chlorophyll 
content, the size of leaves were smallest in Japanese maple (mean = 27.07 cm²), but the best viewing 
period lasted for longest time among three species.  
 
6.3 The best viewing of leaf abscission 
Question: 
① As for Japanese maple, whether the leaf discoloration in summer and early stage of red leaves in 
autumn could also be favored by people? Whether the two indicators should be added in tourism 
information in the future? 
② Whether the small amount of red leaves during late stage of leaf abscission also be liked by people?  
③ For the people who prefer red color leaves without regard to plant species, whether the best time 
for viewing red leaves in autumn could become longer than our imagined? 
 
People’s preference for the best viewing during leaf abscission were depended on the total amount 
of leaves and extent of color change, besides also influenced by color preferences between different 
regions and gender (Chapter 5). In general, people tended to prefer full color than mixed color leaves. 
For individual tree-level, mixed color gradually disappeared when total amount of leaves remained 
60% to 80%, at this time the amount of full color leaves were most abundant and popular among 
people. Red leaves were favored by three regions, especially popular among Southeast Asian people; 
yellow leaves were preferred by Chinese; green and orange leaves were liked by Japanese.  
As for maple leaves, leaf discoloration in summer showed mixed of red-yellow-green color, and 
early stage of red leaves in autumn were mixed of red-green color, while the total amount of leaves 
during the two periods were basically remained 100%. According to the results of questionnaire 
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survey, the early stage of red leaves (mixed red-green) were favored by about 26% of respondents 
(Figure 5-3-4-1), especially the Southeast Asian people; and the early stages of yellow-green or 
yellow-red-green also could be liked by people from different regions (Figure 5-3-3-1 and Figure 5-
3-5-1). Consequently, the indicators of maple leaves changed color in summer and the early stage of 
red maple leaves may be useful tourism information, also the two stages could be the best viewing 
period of maple leaves for some tourists. 
Furthermore, the amount below 20% of red leaves during late stages (4-E and 5-E) were also loved 
by some people, especially the Chinese. Therefore, although the red maple leaves could only lasted 
for two to three weeks, for the people who prefer red color without regard to plant species, the best 
time for viewing red leaves could start from the late October to middle December, which lasted for 
about one and a half months (Figure 6-3-1). 
 
Figure 6-3-1 Duration of phenological change of three tree species and human preference 
 
6.4 Conclusion 
In conclusion, people can base on the results from this research to arrange their favorite tourist 
activities during different seasons. For example, before 5th April when the early stage of flowering 
might preferred by Chinese and Southeast Asian; after 6th April the amount of flowering over 60% 
may be most favored by Japanese people; from 16th April to 23th April when petals just fell off and 
10% of new leaves emerged should be liked by Southeast Asian people. During leaf flushing and leaf 
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opening period the trees were mainly showed green color, so from around 29th April to 7th August 
before leaf discoloration and abscission may be preferred by Japanese people. What’s more, from 
around 8th August to 16th September when the trees started to change its color might favored by 
Chinese people. In addition, at the late period after 26th October the red color became easier to observe 
in trees, this period may be most liked by Southeast Asian people. 
 
6.5 Outlook for future research 
  Based on the results in this study, three of the research questions are supposed. First of all, recent 
years more and more tourist destinations in Japan were suffering the negative impact of over-tourism, 
one of the policies is tourist dispersion. However, there are few studies provide scientific basis on 
dispersion at present stage. The research results in this study indicate the human preferences and 
differences for evaluation of best viewing period, then we need further research to examine whether 
the basis could effectively help the popular tourist attractions to dispersal tourists during the peak 
seasons and prevent over-tourism. 
Secondly, this research show the insect herbivores could cause leaf damage and accelerate the 
speed of leaf abscission, but we don’t know whether the insects also influenced the length of best 
viewing period in different places. In the future, the relationship between distribution density of pests 
and the length of best time for viewing ornamental plants can be further studied. 
Lastly, the research understand the best viewing of phenological change, while the differences in 
the best viewing period for different plants are still unknown. What’s more, different ornamental 
plants have various shape of leaves, therefore human preferences for different shapes of leaves and 
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A4. Content of questionnaire survey 
 
Questionnaire about the best viewing of plant 
Dear Respondent, 
I’m Qionghui FU, from Tokyo Metropolitan University. I’m doing a research about the best viewing of plant, 
the aim of this survey is to understand the human psychological preference during plant phonological change, 
including flowering, leaf flushing and leaf abscission period. 
I would request you to spare your precious time in completing this questionnaire, which would enable me 
to complete this study successfully. 
Thank you for your support. 
 

















3. Age group 
□ Below 20 
□ From 20 to 29 
□ From 30 to 39 
□ From 40 to 49 
□ Above 50 
4. How long have you been living in Japan? 
□ Never 
□ Within 3 months 
□ Within half year 
□ Within 1 year 
□ Within 3 years 
□ Within 5 years 





Please Please indicate how much you like or dislike the following color: 





Part 2 Evaluation of the best viewing (Macro) 
Please choose one of the pictures you think is the best viewing. 
 




















































Group 9 Leaf abscission (Micro leaf-Yellow) 
 






















Group 1 Flowering 
 1-A 1-B 1-C 1-D 1-E 
China 8 8 29 76 133 
Southeast Asia 4 4 11 15 44 
Japan 0 0 2 17 59 
Fisher’s Exact Probability Test: P= 0.005  ** 
 
Group 2 Leaf flushing 
 2-A 2-B 2-C 2-D 2-E 
China 45 22 40 49 98 
Southeast Asia 22 6 10 12 28 
Japan 14 5 8 20 31 
Fisher’s Exact Probability Test: P= 0.476  NS 
 
Group 3 Leaf abscission (Yellow color leaves) 
 3-A 3-B 3-C 3-D 3-E 
China 62 43 87 30 32 
Southeast Asia 14 16 38 5 5 
Japan 15 20 34 6 3 
Fisher’s Exact Probability Test: P= 0.046   * 
 
Group 4 Leaf abscission (Red color leaves) 
 4-A 4-B 4-C 4-D 4-E 
China 66 107 25 29 27 
Southeast Asia 24 31 12 9 2 
Japan 15 41 13 5 4 
Fisher’s Exact Probability Test: P= 0.073    NS 
 
Group 5 Leaf abscission (Mixed color leaves) 
 5-A 5-B 5-C 5-D 5-E 
China 36 25 100 69 24 
Southeast Asia 13 6 25 31 3 
Japan 18 6 29 25 0 









Group 6 Leaf abscission (Yellow color leaves) 
 6-A 6-B 6-C 6-D 6-E 
China 30 55 57 65 47 
Southeast Asia 9 26 14 17 12 
Japan 9 21 14 20 14 
Fisher’s Exact Probability Test: P= 0.749    NS 
 
Group 7 Leaf abscission (Red color leaves) 
 7-A 7-B 7-C 7-D 7-E 
China 21 55 66 59 53 
Southeast Asia 9 19 23 9 18 
Japan 6 11 27 18 16 
Fisher’s Exact Probability Test: P= 0.344    NS 
 
Group 8 Leaf abscission (Mixed color leaves) 
 8-A 8-B 8-C 8-D 8-E 
China 28 73 62 72 19 
Southeast Asia 5 27 18 18 10 
Japan 4 19 18 18 19 
Fisher’s Exact Probability Test: P= 0.01   ** 
 
Group 9 Leaf abscission (Yellow color leaf) 
 9-A 9-B 9-C 9-D 
China 68 41 35 110 
Southeast Asia 18 9 7 44 
Japan 9 4 5 60 
Fisher’s Exact Probability Test: P= 0.0002    *** 
 
Group 10 Leaf abscission (Red color leaf) 
 10-A 10-B 10-C 10-D 
China 30 31 45 148 
Southeast Asia 9 1 13 55 
Japan 1 2 10 65 
Fisher’s Exact Probability Test: P= 0.0002    *** 
 
Group 11 Leaf abscission (Mixed color leaves) 
 11-A 11-B 11-C 11-D 11-E 
China 25 59 32 65 73 
Southeast Asia 10 10 5 16 37 
Japan 5 7 6 22 38 







Group 1 Flowering 
 1-A 1-B 1-C 1-D 1-E 
Female 7 6 24 66 153 
Male 5 6 18 42 83 
Fisher’s Exact Probability Test: P= 0.704  NS 
 
Group 2 Leaf flushing 
 2-A 2-B 2-C 2-D 2-E 
Female 60 13 36 47 100 
Male 21 20 22 34 57 
Fisher’s Exact Probability Test: P= 0.012  * 
 
Group 3 Leaf abscission (Yellow color leaves) 
 3-A 3-B 3-C 3-D 3-E 
Female 58 51 105 22 20 
Male 33 28 54 19 20 
Fisher’s Exact Probability Test: P= 0.279   NS 
 
Group 4 Leaf abscission (Red color leaves) 
 4-A 4-B 4-C 4-D 4-E 
Female 69 120 27 19 21 
Male 36 59 23 24 12 
Fisher’s Exact Probability Test: P= 0.0478   * 
 
Group 5 Leaf abscission (Mixed color leaves) 
 5-A 5-B 5-C 5-D 5-E 
Female 36 26 95 85 14 
Male 31 11 59 40 13 
Fisher’s Exact Probability Test: P= 0.192    NS 
 
Group 6 Leaf abscission (Yellow color leaves) 
 6-A 6-B 6-C 6-D 6-E 
Female 29 57 54 68 48 
Male 19 45 31 34 25 
Fisher’s Exact Probability Test: P= 0.539    NS 
 
Group 7 Leaf abscission (Red color leaves) 
 7-A 7-B 7-C 7-D 7-E 
Female 21 51 72 53 59 
Male 15 34 44 33 28 





Group 8 Leaf abscission (Mixed color leaves) 
 8-A 8-B 8-C 8-D 8-E 
Female 23 73 64 69 27 
Male 14 46 34 39 21 
Fisher’s Exact Probability Test: P= 0.862    NS 
 
Group 9 Leaf abscission (Yellow color leaf) 
 9-A 9-B 9-C 9-D 
Female 49 33 33 141 
Male 46 21 14 73 
Fisher’s Exact Probability Test: P= 0.072    NS 
 
Group 10 Leaf abscission (Red color leaf) 
 10-A 10-B 10-C 10-D 
Female 18 16 45 177 
Male 22 18 23 91 
Fisher’s Exact Probability Test: P= 0.015    * 
 
 
Group 11 Leaf abscission (Mixed color leaves) 
 11-A 11-B 11-C 11-D 11-E 
Female 23 48 29 66 90 
Male 17 28 14 37 58 






















Female from different regions 
Group 1 Flowering 
 1-A 1-B 1-C 1-D 1-E 
China Female 5 3 13 49 87 
Southeast Asia Female 2 3 9 12 29 
Japan Female 0 0 2 5 37 
Fisher’s Exact Probability Test: P= 0.01  ** 
 
Group 2 Leaf flushing 
 2-A 2-B 2-C 2-D 2-E 
China Female 34 11 22 28 62 
Southeast Asia Female 17 2 8 9 19 
Japan Female 9 0 6 10 19 
Fisher’s Exact Probability Test: P= 0.603  NS 
 
Group 3 Leaf abscission (Yellow color leaves) 
 3-A 3-B 3-C 3-D 3-E 
China Female 35 30 61 14 17 
Southeast Asia Female 12 12 26 3 2 
Japan Female 11 9 18 5 1 
Fisher’s Exact Probability Test: P=0.5563  NS  
 
Group 4 Leaf abscission (Red color leaves) 
 4-A 4-B 4-C 4-D 4-E 
China Female 44 70 16 10 17 
Southeast Asia Female 15 28 6 5 1 
Japan Female 10 22 5 4 3 
Fisher’s Exact Probability Test: P=0.6883  NS  
 
Group 5 Leaf abscission (Mixed color leaves) 
 5-A 5-B 5-C 5-D 5-E 
China Female 16 17 66 46 12 
Southeast Asia Female 6 5 18 24 2 
Japan Female 14 4 11 15 0 
Fisher’s Exact Probability Test: P=0.005 **  
 
 
Group 6 Leaf abscission (Yellow color leaves) 
 6-A 6-B 6-C 6-D 6-E 
China Female 15 29 36 45 32 
Southeast Asia Female 7 16 10 12 10 
Japan Female 7 12 8 11 6 




Group 7 Leaf abscission (Red color leaves) 
 7-A 7-B 7-C 7-D 7-E 
China Female 12 33 37 37 38 
Southeast Asia Female 5 12 15 7 16 
Japan Female 4 6 20 9 5 
Fisher’s Exact Probability Test: P=0.113  NS  
 
Group 8 Leaf abscission (Mixed color leaves) 
 8-A 8-B 8-C 8-D 8-E 
China Female 18 40 41 47 11 
Southeast Asia Female 2 20 13 11 9 
Japan Female 3 13 10 11 7 
Fisher’s Exact Probability Test: P=0.181  NS  
 
Group 9 Leaf abscission (Yellow color leaf) 
 9-A 9-B 9-C 9-D 
China Female 35 24 25 73 
Southeast Asia Female 10 7 4 34 
Japan Female 4 2 4 34 
Fisher’s Exact Probability Test: P= 0.016  ** 
 
Group 10 Leaf abscission (Red color leaf) 
 10-A 10-B 10-C 10-D 
China Female 13 16 29 99 
Southeast Asia Female 5 0 9 41 
Japan Female 0 0 7 37 
Fisher’s Exact Probability Test: P= 0.011  **  
 
Group 11 Leaf abscission (Mixed color leaves) 
 11-A 11-B 11-C 11-D 11-E 
China Female 15 37 21 37 47 
Southeast Asia Female 5 6 3 14 27 
Japan Female 3 5 5 15 16 












Male from different regions 
 
Group 1 Flowering 
 1-A 1-B 1-C 1-D 1-E 
China Male 3 5 16 27 46 
Southeast Asia Male 2 1 2 3 15 
Japan Male 0 0 0 12 22 
Fisher’s Exact Probability Test: P=0.049 *  
 
Group 2 Leaf flushing 
 2-A 2-B 2-C 2-D 2-E 
China Male 11 11 18 21 36 
Southeast Asia Male 5 4 2 3 9 
Japan Male 5 5 2 10 12 
Fisher’s Exact Probability Test: P=0.505  NS   
 
Group 3 Leaf abscission (Yellow color leaves) 
 3-A 3-B 3-C 3-D 3-E 
China Male 27 13 26 16 15 
Southeast Asia Male 2 4 12 2 3 
Japan Male 4 11 16 1 2 
Fisher’s Exact Probability Test: P=0.007  ** 
 
Group 4 Leaf abscission (Red color leaves) 
 4-A 4-B 4-C 4-D 4-E 
China Male 22 37 9 19 10 
Southeast Asia Male 9 3 6 4 1 
Japan Male 5 19 8 1 1 
Fisher’s Exact Probability Test: P= 0.004  **   
 
Group 5 Leaf abscission (Mixed color leaves) 
 5-A 5-B 5-C 5-D 5-E 
China Male 20 8 34 23 12 
Southeast Asia Male 7 1 7 7 1 
Japan Male 4 2 18 10 0 
Fisher’s Exact Probability Test: P= 0.198  NS  
 
Group 6 Leaf abscission (Yellow color leaves) 
 6-A 6-B 6-C 6-D 6-E 
China Male 15 26 21 20 15 
Southeast Asia Male 2 10 4 5 2 
Japan Male 2 9 6 9 8 




Group 7 Leaf abscission (Red color leaves) 
 7-A 7-B 7-C 7-D 7-E 
China Male 9 22 29 22 15 
Southeast Asia Male 4 7 8 2 2 
Japan Male 2 5 7 9 11 
Fisher’s Exact Probability Test: P= 0.145  NS  
 
Group 8 Leaf abscission (Mixed color leaves) 
 8-A 8-B 8-C 8-D 8-E 
China Male 10 33 21 25 8 
Southeast Asia Male 3 7 5 7 1 
Japan Male 1 6 8 7 12 
Fisher’s Exact Probability Test: P= 0.01 **  
 
Group 9 Leaf abscission (Yellow color leaf) 
 9-A 9-B 9-C 9-D 
China Male 33 17 10 37 
Southeast Asia Male 8 2 3 10 
Japan Male 5 2 1 26 
Fisher’s Exact Probability Test: P= 0.013 *  
 
Group 10 Leaf abscission (Red color leaf) 
 10-A 10-B 10-C 10-D 
China Male 17 15 16 49 
Southeast Asia Male 4 1 4 14 
Japan Male 1 2 3 28 
Fisher’s Exact Probability Test: P= 0.046 *  
 
Group 11 Leaf abscission (Mixed color leaves) 
 11-A 11-B 11-C 11-D 11-E 
China Male 10 22 11 28 26 
Southeast Asia Male 5 4 2 2 10 
Japan Male 2 2 1 7 22 














Group 1 Flowering 
 1-A 1-B 1-C 1-D 1-E 
China Female 5 3 13 49 87 
China Male 3 5 16 27 46 
Fisher’s Exact Probability Test: P= 0.166  NS 
 
Group 2 Leaf flushing 
 2-A 2-B 2-C 2-D 2-E 
China Female 34 11 22 28 62 
China Male 11 11 18 21 36 
Fisher’s Exact Probability Test: P= 0.173  NS 
 
Group 3 Leaf abscission (Yellow color leaves) 
 3-A 3-B 3-C 3-D 3-E 
China Female 35 30 61 14 17 
China Male 27 13 26 16 15 
Fisher’s Exact Probability Test: P= 0.078   NS 
 
Group 4 Leaf abscission (Red color leaves) 
 4-A 4-B 4-C 4-D 4-E 
China Female 44 70 16 10 17 
China Male 22 37 9 19 10 
Fisher’s Exact Probability Test: P= 0.038   * 
 
Group 5 Leaf abscission (Mixed color leaves) 
 5-A 5-B 5-C 5-D 5-E 
China Female 16 17 66 46 12 
China Male 20 8 34 23 12 
Fisher’s Exact Probability Test: P= 0.102    NS 
 
Group 6 Leaf abscission (Yellow color leaves) 
 6-A 6-B 6-C 6-D 6-E 
China Female 15 29 36 45 32 
China Male 15 26 21 20 15 
Fisher’s Exact Probability Test: P= 0.201    NS 
 
Group 7 Leaf abscission (Red color leaves) 
 7-A 7-B 7-C 7-D 7-E 
China Female 12 33 37 37 38 
China Male 9 22 29 22 15 






Group 8 Leaf abscission (Mixed color leaves) 
 8-A 8-B 8-C 8-D 8-E 
China Female 18 40 41 47 11 
China Male 10 33 21 25 8 
Fisher’s Exact Probability Test: P= 0.634    NS 
 
Group 9 Leaf abscission (Yellow color leaf) 
 9-A 9-B 9-C 9-D 
China Female 35 24 25 73 
China Male 33 17 10 37 
Fisher’s Exact Probability Test: P= 0.136    NS 
 
Group 10 Leaf abscission (Red color leaf) 
 10-A 10-B 10-C 10-D 
China Female 13 16 29 99 
China Male 17 15 16 49 
Fisher’s Exact Probability Test: P=0.060    NS 
 
 
Group 11 Leaf abscission (Mixed color leaves) 
 11-A 11-B 11-C 11-D 11-E 
China Female 15 37 21 37 47 
China Male 10 22 11 28 26 





Southeast Asian Gender 
 
Group 1 Flowering 
 1-A 1-B 1-C 1-D 1-E 
SEA Female 2 3 9 12 29 
SEA Male 2 1 2 3 15 
Fisher’s Exact Probability Test: P= 0.648  NS 
 
Group 2 Leaf flushing 
 2-A 2-B 2-C 2-D 2-E 
SEA Female 17 2 8 9 19 
SEA Male 5 4 2 3 9 




Group 3 Leaf abscission (Yellow color leaves) 
 3-A 3-B 3-C 3-D 3-E 
SEA Female 12 12 26 3 2 
SEA Male 2 4 12 2 3 
Fisher’s Exact Probability Test: P= 0.354   NS 
 
Group 4 Leaf abscission (Red color leaves) 
 4-A 4-B 4-C 4-D 4-E 
SEA Female 15 28 6 5 1 
SEA Male 9 3 6 4 1 
Fisher’s Exact Probability Test: P= 0.012   * 
 
Group 5 Leaf abscission (Mixed color leaves) 
 5-A 5-B 5-C 5-D 5-E 
SEA Female 6 5 18 24 2 
SEA Male 7 1 7 7 1 
Fisher’s Exact Probability Test: P= 0.295    NS 
 
Group 6 Leaf abscission (Yellow color leaves) 
 6-A 6-B 6-C 6-D 6-E 
SEA Female 7 16 10 12 10 
SEA Male 2 10 4 5 2 
Fisher’s Exact Probability Test: P= 0.744    NS 
 
Group 7 Leaf abscission (Red color leaves) 
 7-A 7-B 7-C 7-D 7-E 
SEA Female 5 12 15 7 16 
SEA Male 4 7 8 2 2 
Fisher’s Exact Probability Test: P= 0.278    NS 
 
Group 8 Leaf abscission (Mixed color leaves) 
 8-A 8-B 8-C 8-D 8-E 
SEA Female 2 20 13 11 9 
SEA Male 3 7 5 7 1 
Fisher’s Exact Probability Test: P= 0.293    NS 
 
Group 9 Leaf abscission (Yellow color leaf) 
 9-A 9-B 9-C 9-D 
SEA Female 10 7 4 34 
SEA Male 8 2 3 10 






Group 10 Leaf abscission (Red color leaf) 
 10-A 10-B 10-C 10-D 
SEA Female 5 0 9 41 
SEA Male 4 1 4 14 
Fisher’s Exact Probability Test: P=0.278    * 
 
 
Group 11 Leaf abscission (Mixed color leaves) 
 11-A 11-B 11-C 11-D 11-E 
SEA Female 5 6 3 14 27 
SEA Male 5 4 2 2 10 









Group 1 Flowering 
 1-A 1-B 1-C 1-D 1-E 
Japan Female 0 0 2 5 37 
Japan Male 0 0 0 12 22 
Fisher’s Exact Probability Test: P= 0.015  * 
 
Group 2 Leaf flushing 
 2-A 2-B 2-C 2-D 2-E 
Japan Female 9 0 6 10 19 
Japan Male 5 5 2 10 12 
Fisher’s Exact Probability Test: P= 0.077  NS 
 
Group 3 Leaf abscission (Yellow color leaves) 
 3-A 3-B 3-C 3-D 3-E 
Japan Female 11 9 18 5 1 
Japan Male 4 11 16 1 2 
Fisher’s Exact Probability Test: P= 0.262   NS 
 
Group 4 Leaf abscission (Red color leaves) 
 4-A 4-B 4-C 4-D 4-E 
Japan Female 10 22 5 4 3 
Japan Male 5 19 8 1 1 




Group 5 Leaf abscission (Mixed color leaves) 
 5-A 5-B 5-C 5-D 5-E 
Japan Female 14 4 11 15 0 
Japan Male 4 2 18 10 0 
Fisher’s Exact Probability Test: P= 0.0503    NS 
 
Group 6 Leaf abscission (Yellow color leaves) 
 6-A 6-B 6-C 6-D 6-E 
Japan Female 7 12 8 11 6 
Japan Male 2 9 6 9 8 
Fisher’s Exact Probability Test: P= 0.616    NS 
 
Group 7 Leaf abscission (Red color leaves) 
 7-A 7-B 7-C 7-D 7-E 
Japan Female 4 6 20 9 5 
Japan Male 2 5 7 9 11 
Fisher’s Exact Probability Test: P= 0.0501    NS 
 
Group 8 Leaf abscission (Mixed color leaves) 
 8-A 8-B 8-C 8-D 8-E 
Japan Female 3 13 10 11 7 
Japan Male 1 6 8 7 12 
Fisher’s Exact Probability Test: P= 0.325    NS 
 
Group 9 Leaf abscission (Yellow color leaf) 
 9-A 9-B 9-C 9-D 
Japan Female 4 2 4 34 
Japan Male 5 2 1 26 
Fisher’s Exact Probability Test: P= 0.688    NS 
 
 
Group 10 Leaf abscission (Red color leaf) 
 10-A 10-B 10-C 10-D 
Japan Female 0 0 7 37 
Japan Male 1 2 3 28 
Fisher’s Exact Probability Test: P=0.156    NS 
 
 
Group 11 Leaf abscission (Mixed color leaves) 
 11-A 11-B 11-C 11-D 11-E 
Japan Female 3 5 5 15 16 
Japan Male 2 2 1 7 22 




Experience of staying in Japan 
 
Group 1 Flowering 
 1-A 1-B 1-C 1-D 1-E 
Have ever stayed in Japan 1 4 17 39 103 
Never stayed in Japan 11 8 23 52 74 
Fisher’s Exact Probability Test: P= 0.001  ** 
 
Group 2 Leaf flushing 
 2-A 2-B 2-C 2-D 2-E 
Have ever stayed in Japan 36 10 25 30 63 
Never stayed in Japan 31 18 25 31 63 
Fisher’s Exact Probability Test: P= 0.626  NS  
 
Group 3 Leaf abscission (Yellow color leaves) 
 3-A 3-B 3-C 3-D 3-E 
Have ever stayed in Japan 40 26 65 15 18 
Never stayed in Japan 36 33 60 20 19 
Fisher’s Exact Probability Test: P= 0.751  NS  
 
Group 4 Leaf abscission (Red color leaves) 
 4-A 4-B 4-C 4-D 4-E 
Have ever stayed in Japan 39 76 20 18 11 
Never stayed in Japan 51 62 17 20 18 
Fisher’s Exact Probability Test: P= 0.288  NS  
 
Group 5 Leaf abscission (Mixed color leaves) 
 5-A 5-B 5-C 5-D 5-E 
Have ever stayed in Japan 25 15 60 54 10 
Never stayed in Japan 24 16 65 46 17 
Fisher’s Exact Probability Test: P= 0.621  NS  
 
Group 6 Leaf abscission (Yellow color leaves) 
 6-A 6-B 6-C 6-D 6-E 
Have ever stayed in Japan 15 37 34 55 23 
Never stayed in Japan 24 44 37 27 36 
Fisher’s Exact Probability Test: P= 0.004 **  
 
Group 7 Leaf abscission (Red color leaves) 
 7-A 7-B 7-C 7-D 7-E 
Have ever stayed in Japan 14 33 54 24 39 
Never stayed in Japan 16 41 35 44 32 




Group 8 Leaf abscission (Mixed color leaves) 
 8-A 8-B 8-C 8-D 8-E 
Have ever stayed in Japan 9 43 46 53 13 
Never stayed in Japan 24 57 34 37 16 
Fisher’s Exact Probability Test: P= 0.008  **  
 
Group 9 Leaf abscission (Yellow color leaf) 
 9-A 9-B 9-C 9-D 
Have ever stayed in Japan 33 23 26 82 
Never stayed in Japan 53 27 16 72 
Fisher’s Exact Probability Test: P= 0.047 * 
 
Group 10 Leaf abscission (Red color leaf) 
 10-A 10-B 10-C 10-D 
Have ever stayed in Japan 17 13 32 102 
Never stayed in Japan 22 19 26 101 
Fisher’s Exact Probability Test: P= 0.51  NS 
 
Group 11 Leaf abscission (Mixed color leaves) 
 11-A 11-B 11-C 11-D 11-E 
Have ever stayed in Japan 20 25 17 42 60 
Never stayed in Japan 15 44 20 39 50 







Japanese or foreigners 
 
Group 1 Flowering 
 1-A 1-B 1-C 1-D 1-E 
Japanese 0 0 2 17 59 
Foreigners 12 12 40 91 177 
Fisher’s Exact Probability Test: P= 0.001 ** 
 
Group 2 Leaf flushing 
 2-A 2-B 2-C 2-D 2-E 
Japanese 14 5 8 20 31 
Foreigners 67 28 50 62 126 




Group 3 Leaf abscission (Yellow color leaves) 
 3-A 3-B 3-C 3-D 3-E 
Japanese 15 20 34 6 3 
Foreigners 76 59 125 35 37 
Fisher’s Exact Probability Test: P=0.136 NS 
 
Group 4 Leaf abscission (Red color leaves) 
 4-A 4-B 4-C 4-D 4-E 
Japanese 15 41 13 5 4 
Foreigners 90 138 37 38 29 
Fisher’s Exact Probability Test: P=0.024 * 
 
Group 5 Leaf abscission (Mixed color leaves) 
 5-A 5-B 5-C 5-D 5-E 
Japanese 18 6 29 25 0 
Foreigners 49 31 125 100 27 
Fisher’s Exact Probability Test: P=0.024 * 
 
Group 6 Leaf abscission (Yellow color leaves) 
 6-A 6-B 6-C 6-D 6-E 
Japanese 9 21 14 20 14 
Foreigners 39 81 71 82 59 
Fisher’s Exact Probability Test: P=0.97 NS 
 
Group 7 Leaf abscission (Red color leaves) 
 7-A 7-B 7-C 7-D 7-E 
Japanese 6 11 27 18 16 
Foreigners 30 74 89 68 71 
Fisher’s Exact Probability Test: P=0.44 NS 
 
Group 8 Leaf abscission (Mixed color leaves) 
 8-A 8-B 8-C 8-D 8-E 
Japanese 4 19 18 18 19 
Foreigners 33 100 80 90 29 
Fisher’s Exact Probability Test: P=0.008 ** 
 
Group 9 Leaf abscission (Yellow color leaf) 
 9-A 9-B 9-C 9-D 
Japanese 9 4 5 60 
Foreigners 86 50 42 154 





Group 10 Leaf abscission (Red color leaf) 
 10-A 10-B 10-C 10-D 
Japanese 1 2 10 65 
Foreigners 39 32 58 203 
Fisher’s Exact Probability Test: P＜0.001 *** 
 
Group 11 Leaf abscission (Mixed color leaves) 
 11-A 11-B 11-C 11-D 11-E 
Japanese 5 7 6 22 38 
Foreigners 35 69 37 81 110 


























A6. Accumulated temperature data 




(𝒕𝒊 − 𝒕𝟎), 𝒕𝟎=5°C 
Accumulated temperature 
∑ (𝑡𝑖 − 𝑡0)
𝑁
𝑖=1 , 𝑡𝑖 > 𝑡0, 𝑡0=5°C 
77 9.8 4.8 4.8 
78 12.4 7.4 12.2 
79 14.53 9.53 21.73 
80 18.55 13.55 35.28 
81 15.78 10.78 46.06 
82 5.75 0.75 46.81 
83 7.2 2.2 49.01 
84 9.29 4.29 53.3 
85 11.37 6.37 59.67 
86 13.18 8.18 67.85 
87 13.64 8.64 76.49 
88 7.84 2.84 79.33 
89 8.69 3.69 83.02 
90 10.39 5.39 88.41 
91 8.59 3.59 92 
 




(𝒕𝒊 − 𝒕𝟎), 𝒕𝟎=5°C 
Accumulated temperature 
∑ (𝑡𝑖 − 𝑡0)
𝑁
𝑖=1 , 𝑡𝑖 > 𝑡0, 𝑡0=5°C 
91 8.59 3.59 3.59 
92 9.49 4.49 8.08 
93 8.69 3.69 11.77 
94 10.89 5.89 17.66 
95 15.02 10.02 27.68 
96 15.82 10.82 38.5 
97 15.75 10.75 49.25 
 




(𝒕𝒊 − 𝒕𝟎), 𝒕𝟎=5°C 
Accumulated temperature 
∑ (𝑡𝑖 − 𝑡0)
𝑁
𝑖=1 , 𝑡𝑖 > 𝑡0, 𝑡0=5°C 
77 9.8 4.8 4.8 
78 12.4 7.4 12.2 
79 14.53 9.53 21.73 
80 18.55 13.55 35.28 
81 15.78 10.78 46.06 
82 5.75 0.75 46.81 
83 7.2 2.2 49.01 
84 9.29 4.29 53.3 
85 11.37 6.37 59.67 
138 
 
86 13.18 8.18 67.85 
87 13.64 8.64 76.49 
88 7.84 2.84 79.33 
89 8.69 3.69 83.02 
90 10.39 5.39 88.41 
91 8.59 3.59 92 
92 9.49 4.49 96.49 
93 8.69 3.69 100.18 
94 10.89 5.89 106.07 
95 15.02 10.02 116.09 
96 15.82 10.82 126.91 
97 15.75 10.75 137.66 
98 9.34 4.34 142 
99 11.19 6.19 148.19 
100 4.81 -0.19 148 
101 10.51 5.51 153.51 
 




(𝒕𝒊 − 𝒕𝟎), 𝒕𝟎=5°C 
Accumulated temperature 
∑ (𝑡𝑖 − 𝑡0)
𝑁
𝑖=1 , 𝑡𝑖 > 𝑡0, 𝑡0=5°C 
101 10.51 5.51 5.51 
102 9.28 4.28 9.79 
103 12 7 16.79 
104 14.25 9.25 26.04 
105 16.48 11.48 37.52 
106 16.4 11.4 48.92 
107 14.33 9.33 58.25 
108 17.5 12.5 70.75 
109 18.79 13.79 84.54 
110 15.12 10.12 94.66 
111 18.64 13.64 108.3 
112 20.58 15.58 123.88 
113 19 14 137.88 
114 17.81 12.81 150.69 
115 20.22 15.22 165.91 
116 12.42 7.42 173.33 
117 9.64 4.64 177.97 
118 12.63 7.63 185.6 
119 14.66 9.66 195.26 
120 13.65 8.65 203.91 
121 17.15 12.15 216.06 
122 17.33 12.33 228.39 








(𝒕𝒊 − 𝒕𝟎), 𝒕𝟎=5°C 
Accumulated temperature 
∑ (𝑡𝑖 − 𝑡0)
𝑁
𝑖=1 , 𝑡𝑖 > 𝑡0, 𝑡0=5°C 
77 9.8 4.8 4.8 
78 12.4 7.4 12.2 
79 14.53 9.53 21.73 
80 18.55 13.55 35.28 
81 15.78 10.78 46.06 
82 5.75 0.75 46.81 
83 7.2 2.2 49.01 
84 9.29 4.29 53.3 
85 11.37 6.37 59.67 
86 13.18 8.18 67.85 
87 13.64 8.64 76.49 
88 7.84 2.84 79.33 
89 8.69 3.69 83.02 
90 10.39 5.39 88.41 
91 7.89 2.89 91.3 
92 7 2 93.3 
93 7.2 2.2 95.5 
94 9.8 4.8 100.3 
95 14.15 9.15 109.45 
96 14.77 9.77 119.22 
 




(𝒕𝒊 − 𝒕𝟎), 𝒕𝟎=5°C 
Accumulated temperature 
∑ (𝑡𝑖 − 𝑡0)
𝑁
𝑖=1 , 𝑡𝑖 > 𝑡0, 𝑡0=5°C 
96 14.77 9.77 9.77 
97 15.01 10.01 19.78 
98 8.91 3.91 23.69 
99 10.16 5.16 28.85 
100 3.91 - 28.85 
101 10.07 5.07 33.92 
102 9.09 4.09 38.01 
103 10.99 5.99 44 
104 13.7 8.7 52.7 
105 15.61 10.61 63.31 
106 14.07 9.07 72.38 
107 13.75 8.75 81.13 
108 16.7 11.7 92.83 
109 17.94 12.94 105.77 
110 14.66 9.66 115.43 
111 16.96 11.86 127.29 
112 19.27 14.27 141.56 
140 
 
113 18.39 13.39 154.95 
114 17.43 12.43 167.38 
115 20.03 15.03 182.41 
116 12.18 7.18 189.59 
117 9.78 4.78 194.37 
118 11.79 6.79 201.16 
119 14.17 9.17 210.33 
120 13.58 8.58 218.91 
121 17 12 230.91 
122 17 12 242.91 
123 17.14 12.14 255.05 
124 16.23 11.23 266.28 
125 17.01 12.01 278.29 
126 17.3 12.3 290.59 
127 13.85 8.85 299.44 
128 14.79 9.79 309.23 
129 16.33 11.33 320.56 
130 19.01 14.01 334.57 
 
 




(𝒕𝒊 − 𝒕𝟎), 𝒕𝟎=5°C 
Accumulated temperature 
∑ (𝑡𝑖 − 𝑡0)
𝑁
𝑖=1 , 𝑡𝑖 > 𝑡0, 𝑡0=5°C 
77 9.8 4.8 4.8 
78 12.4 7.4 12.2 
79 14.53 9.53 21.73 
80 18.55 13.55 35.28 
81 15.78 10.78 46.06 
82 5.75 0.75 46.81 
83 7.2 2.2 49.01 
84 9.29 4.29 53.3 
85 11.37 6.37 59.67 
86 13.18 8.18 67.85 
87 13.64 8.64 76.49 
88 7.84 2.84 79.33 
89 8.69 3.69 83.02 
90 10.39 5.39 88.41 
91 8.84 3.84 92.25 
92 8.24 3.24 95.49 
93 8.14 3.14 98.63 
94 10.64 5.64 104.27 
95 14.98 9.98 114.25 
96 15.35 10.35 124.6 
97 15.37 10.37 134.97 
141 
 
98 9.45 4.45 139.42 
99 10.93 5.93 145.35 
100 4.46 - 145.35 
101 10.86 5.86 151.21 
102 9.46 4.46 155.67 
103 11.49 6.49 162.16 
104 14.16 9.16 171.32 
105 16.34 11.34 182.66 
106 14.74 9.74 192.4 
107 14 9 201.4 
108 17.49 12.49 213.89 
109 18.73 13.73 227.62 
110 15.39 10.39 238.01 
 




(𝒕𝒊 − 𝒕𝟎), 𝒕𝟎=5°C 
Accumulated temperature 
∑ (𝑡𝑖 − 𝑡0)
𝑁
𝑖=1 , 𝑡𝑖 > 𝑡0, 𝑡0=5°C 
110 15.39 10.39 10.39 
111 17.61 12.61 23 
112 20.07 15.07 38.07 
113 18.89 13.89 51.96 
114 17.94 12.94 64.9 
115 20.49 15.49 80.39 
116 12.56 7.56 87.95 
117 10.04 5.04 92.99 
118 12.23 7.23 100.22 
119 14.78 9.78 110 
120 13.86 8.86 118.86 
121 17.46 12.46 131.32 
122 17.41 12.41 143.73 
123 17.88 12.88 156.61 
124 16.6 11.6 168.21 
125 17.67 12.67 180.88 
126 17.91 12.91 193.79 
127 14.23 9.23 203.02 
128 15.62 10.62 213.64 
129 16.99 11.99 225.63 
130 19.8 14.8 240.43 
131 20.39 15.39 255.82 
132 17.89 12.89 268.71 
133 18.06 13.06 281.77 
134 16.63 11.63 293.4 
135 18.75 13.75 307.15 
136 19.48 14.48 321.63 
142 
 
137 20.16 15.16 336.79 
138 19.19 14.19 350.98 
 




(𝒕𝟎 − 𝒕𝒊), 𝒕𝟎=10°C 
Accumulated temperature 
∑ (𝑡0 − 𝑡𝑖)
𝑁
𝑖=1 , 𝑡0 > 𝑡𝑖, 𝑡0=10°C 
307 5:30  8.4 1.6 1.6 
307 6:30 9.9 0.1 1.7 
309 23:30 9.5 0.5 2.2 
310 0:00 9.2 0.8 3 
311 1:00 8.6 1.4 4.4 
311 2:00 8.3 1.7 6.1 
311 3:00 7.5 2.5 8.6 
311 4:00 7.3 2.7 11.3 
311 5:00 7 3 14.3 
311 6:00 6.5 3.5 17.8 
311 7:00 6.9 3.1 20.9 
311 22:00 9.7 0.3 21.2 
311 23:00 9.5 0.5 21.7 
312 0:00 9.4 0.6 22.3 
312 1:00 8.2 1.8 24.1 
312 2:00 7.9 2.1 26.2 
312 3:00 8.1 1.9 28.1 
312 4:00 7.2 2.8 30.9 
312 5:00 7 3 33.9 
312 6:00 6.9 3.1 37 
312 7:00 7.6 2.4 39.4 
312 21:30 9.6 0.4 39.8 
312 22:30 9.6 0.4 40.2 
312 23:30 8.8 1.2 41.4 
313 0:00 8.7 1.3 42.7 
313 1:00 8.8 1.2 43.9 
313 2:00 8.6 1.4 45.3 
313 3:00 8.3 1.7 47 
313 4:00 8 2 49 
313 5:00 7.6 2.4 51.4 
313 6:00 6.9 3.1 54.5 
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